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Washability key 
expanding rayon markets 


assessing the future rayon 
becomes more and more apparent 
that washability can provide one 
the surest routes expanding 
markets. Mills with forward- 
looking point view have already 
that good business 
reeognize the opportunities in- 
herent washable rayon fabrics. 
order realize the full possi- 
bilities they are not only working 
closely with their customers 
giving special attention the 
most suitable constructions, but 
they are acquainting themselves 
with the important advances 
dyeing and finishing that have 
today made washable rayons 
practical reality. 

The success these new proc- 


esses attaining fabric that can 


washed standard methods 
without fading, shrinkage 
change fabric character be- 
ing demonstrated every day. 
Stores the country over report 
that never before have consumers 
been insistent that rayon shirts, 
lingerie, blouses, dresses, curtains 
and other articles merchandise 
withstand ordinary laundering. 

This demand shows the direc- 
tion which the rayon industry 
must move its past record 
future. 

encouraging greater useful- 
ness for rayon through technical 
improvements not only weav- 
ing but dyeing and finishing, 
rayon will able enter many 
new markets. 


Filatex Corporation 


Now Division Avisco 


New York, Oct. The Filatex Cor- 
poration, wholly-owned subsidiary, 
became the Filatex Division Amer- 
ican Viscose Corporation, the parent 
company October 

Filatex makes widely used brand 
elastic yarn under that name. has 
latex core continuously produced 
unique patented process which re- 
sults such advantages superior 
aging properties. The core made 
the Fredericksburg, Va., plant 
Avisco’s Division, and shipped 
Avisco’s Roanoke, Va., plant, where 
covered variously with rayon, 
nylon, and cotton. Filatex used chiefly 
women’s foundation garments, the 
tops men’s half hose, and bathing 
suits. 


4-PLY SERVICE 


being promoted for Riviera 
wear. 


New Yorx, November, 1929— 
American producers have or- 
ganized the Rayon and Syn- 
thetic Yarn Association to pro- 
mote the use of rayon fabrics. 
S. A. Salvage, of Viscose Co., 
has been elected first president. 


New York, November, 1929— 
Manufacturers are reviewing 
many requests for information 
about rayon fabrics from trop- 


ical countries. are re- 
ported from as far as Singapore 
to learn about the rayon chif- 
fons for hot-climate wardrobes. 


encourage continued improvement 
rayon fabrics, American Viscose 
Corporation conducts research and 
offers technical service these fields: 


FIBER RESEARCH 

DESIGN 

AMERICAN VISCOSE 
CORPORATION 


America’s largest producer rayon 
Sales Offices: 350 Fifth Avenue, New York 
Y.; Charlotte, C.; Cleveland, Ohio; 
Philadelphia, Pa.; Providence, 
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GAUGE THE MOISTURE 
RAW MATERIAL AND THROUGH THE PRODUCTION PROCESS 


Custom built instruments meet the needs the individual user—in what- 
ever range and sensitivity your application may require. 


Tell the nature your moisture problem and ask 
lend you meter calibrated for the application you 
have mind. 


centage without reference charts, simple fact that the instrument 
operation that even inexperienced operators can power line, readings are made in a matter of 
make several readings per minute seconds 


NEED the sample which 
need not exceed one two grams volume 
Nor necessary know the temperature 


OUR COMPARISON METHOD 


MEASUREMENT insures continued accuracy 


the temperature correction regardless tapering battery voltage other 
for temperature variation the material being variables—it 
measured feature this instrument. calibration 
available equipped with Static Suppressor 
atmospheric condition stray electrical 
WRITE FOR COMPLETE INFORMATION 
ADDRESS 
HART-MOISTURE-METERS 
GRAND CENTRAL TERMINAL 
NEW YORK CITY 
NEW YORK PHONE MURRAY HILL 


A 
— 
: 
a 


multipurpose and semi-automatic instru- 
ment designed for quantitatively measuring 


resistance 
abrasion 

abrasion 


fabrics, coated fabrics, plastic film, and like materials, and the resistance 
flat and edge abrasion felts, laminated fabrics, and solid plastic materials. 


FEATURES 
Uniform, quantitatively defined end points, which are automatically reached, and independent 
the judgement the operator. High reproduceability the results due precise control 
area contact, abrasion pressure, and sample tension. Versatility the simulation actual 


wear actions. Sturdy design simple operation. 


The UNIVERSAL WEAR has been engineered 
CSI accordance with the specifications the Office The Quartermaster General the 
basis the outstanding research work Dr. Stoll. This precision instrument now avail- 
able assist you your research program well control testing. 


For Literature and Prices write Dept. 


Custom SCIENTIFIC INSTRUMENTS, INC. 
Post Office Box 170 Arlington, 


MANUFACTURERS CUSTOM-BUILT LABORATORY EQUIPMENT 
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MODEL MODEL K-2 


for textiles loose compressible forms for textiles cones, rolls and similar forms 


Two Great Models 


MOISTURE REGISTER 


for Testing Moisture Content 


wool, cotton and rayon 


Quick, Accurate Readings— 


less than seconds you can test moisture content practically all 
types textile materials, including cotton, wool, rayon and nylon fa- 
brics, packages and loose forms. 


This portable instrument designed for ‘‘on the checks your 
plant. Moisture Register easy operate requires technical 
knowledge complicated figuring. Cost negligible comparison 
advantages. Write today for complete details. Specify type material 
tested. 


MOISTURE REGISTER CO. 
Dept. 133 North Garfield, Alhambra, Calif. 
Used 
throughout 


The standard moisture testing 
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Shrinkage 
and 
Apparatus 


Twentieth Annual Exhibit 


keeping with the Shrinkage theme our 
exhibit, will have display the following 
testing equipment: 


FLAT BED For Shrinkage Tests. Elimi- 
nates distortion due ordinary flat ironing 
narrow bed steam pressing. integrated unit 
with thermostatically-controlled hot plate mounted 
over perforated aluminum plate covered with 
suitable padding and pressing cloth. Its features are 
ease operation and uniformity performance. 


TENSION PRESSER For Measurement 
Dimensional Restorability Woven Fabrics. Elimi- 
nates variables hand manipulation ironing 
restoring laundered material original shape. 
pair movable fabric clamps exerts known tension 
both warp and filling directions while material 
dries. Tension required restore material within 


its original dimensions measured. 


Textile 
Research 


SHRINKAGE TESTER For Determining Shrink- 
age Knit Fabrics. Same principle Tension 
Presser but varied accommodate knit goods. 
Expandable slidable pins (replacing flat grips) 
permit knit fabric stretch along the rails 
restored. One the few machines forecast reac- 
tion shrunken knit material drawn upon 
human form. 


KNIT SHRINKAGE Experimental 
Apparatus for Restoration Knit Fabrics. Uses 
pneumatic method restoring knit goods shape, 
improvement over Shrinkage Tester (above). 
circular specimen mounted circular set 
pins embedded rubber sheeting. Sheeting, when 
inflated, exerts uniform tension all directions 
simultaneously. Deformation knitted material 
after laundering drawn out and results are re- 
corded ounces per square inch pressure. 


You are all cordially invited visit our booth 
and see our “live” demonstrations. 


UNITED STATES TESTING COMPANY, INC. 
Established 1880 


HOBOKEN, NEW JERSEY 


PHILADELPHIA, PA. BOSTON, MASS. 


Division 


CHICAGO, ILL. NEW LOS ANGELES, CAL. 


DENVER, COL. MEMPHIS, TENN. 


Member of American Council of Commercial Laboratories 
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Are you 
evaluate your 


requirements 


and produce EXACTLY 
the thread wants? 


ACTUAL STRETCH 


SCOTT TESTERS, INC., Providence, R I. U.S. 4. 


“Picturizing” vastly different threads, from 
the same gray yarn, but finished differently 


This chart Tester reveals surprisingly 
different characteristics threads made from the same gray yarn 


Use this precision machine evaluate your requirements TED 
and assure that your products will meet them EXACTLY. Once you TRUSTED 
have established the desired treatment, timing, tension, etc., the pic- 

turized chart records are accurate production guide identical REQUEST 

results subsequent batches CATALOG 


*Registered Trademark 


SCOTT TESTERS, INC., 145 BLACKSTONE ST., PROVIDENCE, 
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The Fine Histology the Keratin Fibers 


Joel Lindberg, Mercer,* Philip, and Nils Gralén 


Swedish Institute for Textile Research, Gothenburg, Sweden 


Introduction 


recent vears the micros 
copy and improved optical microscopy the study 
about the structure the cuticle, which 
proved easy study using the 
However, some uncertainty exists the precise 
emerged, and wish, therefore, present sum 
mary the new findings, indicate some their 
need for adopting definite nomenclature for future 
discussion the subject. 

The classical histology distinguished three regions 
the hair—cuticle, cortex, and medulla The 
medulla usually absent from fine hairs and wools, 
and most workers have tried their prob 
lems using non-medullated little 
importance has been added our knowledge 


the medulla recently, and our remarks are contined 


Chemical Industries Research 


Physics Laboratory, Department of Textile Industries, The’ 


University, During this work, leave 
Melbourne, and guest the Swedish Institute 
Textile Research, Gothenburg, Sweden 

Present address: Melbourne 


to the cortex and the cuticle. The new develop 
are concerned largely with 
details suggested work, but 
some very hitherto 
have been Both the cuticle and the 
are cellular structures, and variety procedures 
have been deseribed which lead to a division of the 
fibers into their component 


have been used most investigators 


The Cuticle 

cuticle was previously regarded simply 
sheath flattened, overlapping cells scales 
investing the cellular character 
relation the cortex may best understood from 
examination development the hair follicle 
14] still possible, however, final, 
flattened, and hardened scale demonstrate both 
internal and the remnants nucleus 
ratchet action the external surface makes 
the hair rougher the than the 
and the importance this property, both 
nology the cause felting, has 
emphasized desire the felting power 
wool has been one the mam reasons for the 
extensive study the cuticle. 

studies chiefly have 


the view that the cuticle more 
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Fic. The composite structure the cuticle 
animal hair: (1) epicuticle; (2) exocuticle; (3) endo- 


cuticle. The under-surface may also complex, but 


there definite evidence this; cement substance 
probably Cot ers the low er surface. 


ture several more components. 
Proceeding from the outside the tiber inward (see 
Figures and 2), the following have been 
(a) very thin membrane covering 
the whole the surface and thus forming the ex- 


and The intermediate layer, 
the was pointed out Mercer 
and Rees [17], who refer endo 
cuticle consists the flattened scale remnant which 
the usual result tryptic and often 
referred the (meaning the whole 
known whether the other side (inward) the scale 
cells similarly elaborate, but there evidence 
vet for this. Cementing material 
sumed between all the lavers mentioned and 


the cortex 


Evidence for the Multiple Structure the 


The evidence for the existence of the epicuticle is 
simple and direct Wool fibers are 
laver (see below), loosening the epicuticle, which 
then may shaken off (see Figure 
aqueous suspension are found the characteristic thin 
membranes such are original 
papers and the paper 
The manner preparation sufficient establish 
the fact that the films must lie the outside the 
fibers. The seen the electron micro 
scope, appears thick (about 


Phe was isolated Lindberg, Philip, and 
Gralen [13], but a number of earlier observations pointed 
to its existence [8, 17, 25] 

The nomenclature that which customarily used 


in connection with the insect cutich 
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Cross section non-medullated wool fiber 
purely diagrammatic show relative positions the 
components the cuticle Figure 1), the cortical 
cells (ce) and fibrillae the cortex. 


film falling easily into most re- 
markable property, which suppose associated 
tions wool sodium sulfide Such observa 
tions indicate that the epicuticle not Its 
chemical composition under investigation the 
Swedish Institute for Textile Research. Some 
amples its importance the technology wool 
membranes may occur other tissues. 

The existence the two lavers, exocuticle and 
was concluded from 
scopic comparison the appearance unaltered 


scales and scale residues obtained tryptic diges 
tion The unaltered scale presents smooth 
surface replicas 24] and relatively uniform 
possess uneven, etched surface whose character 
istics judged from the examples given 
Mercer and Rees and also 
The smooth surface seems due 
the epicuticle fastened the underlying, 
resistant residue the less 
exocuticle, which removed the enzyme other 
degrading agents reveal the 
Little known about the nature the 
intermediate layer, but its 


fraction of the cuticle. 
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Diagram illustrate the nomenclature 
describe the fine histology the cortex 
Merino wool tryptic The cell consists 
bundle fibrils, one which shown (top) 
splitting off the Two fibrils are shown 
cortical (cem) and are composed 
finer fibrils, which may called microfibrils (mt). 

Structures Between the Cuticle and the Cortex 

Lehmann and and Zahn attempts 
have been made show that 
nized membrane, the lies between the 
cuticle and cortex. Such component, amounting, 
according Elod and Zahn, more than 
the fiber weight, would great importance, and 
considered. 

have repeated the experiments the German 
workers and have obtained precisely the 
sults. However, we have found it possible to eX 
plain their findings terms the compo 
nents the cuticle. This question treated 
the paper and view the 
conclusions reached there the will not 
described here distinet component the 
The possibility the existence cementing laver 
the cortex and the cuticle has 
cussed earlier this but cannot con 


The Cortex 


Recent research has somewhat elaborated but not 
fundamentally altered our views the histological 
structure the cortex. excellent pictures 


the cross sections wool fibers 


show the cortical cells closely packed Figure 


Also called the “Zwischen 


675 


Cell membranes appear present. Somewhat 
similar cross sections Hock, and Harris 
and Rudall show the same arrangement 
the cells, and establish the fact that these are not 
flat section, although this appearance often given 
isolated Since the cortex resolved into 
cells enzymes, usual suppose that inter- 
cellular cement exists, similar character that 
postulated present the cuticle and probably 
also between the cuticle and the cortex. 

The long, tapering cortical cells have been known, 
packed micrographs showing these 
fibrils within the cells have been obtained [9, 20]. 
structure most clearly and shows also that the fibrils 
adhere each other reason the extension 
cement material between them (Figure 
The fibrillae seem the only fibrous elements 
less indefinite resistance enzymic digestion, may 
regarded composing the truly fibrous keratin. 
They are undoubtedly the components 
responsible for the x-ray fiber pattern. The cement 
substance seems but not fibrous 
and not resistant The fibrils, 
turn, are composed smaller fibrils (see Figure 
have been termed microfibrils [3, 
The term has been preferred 
Rees, and Mercer because these fine 
fibrils seemed formed from string particles 
Until the existence this substructure 
confirmed doubt, the 
may preferred 


Practical Importance the New Fiber Histology 

The more complete knowledge the histological 
complexity hair and wool certainly empha- 
sizes the difficulties associated with the interpreta 
tion the results experiments, the other 
some problems and may the way some prac- 
helow. 


Diffusion 


The cuticle has been recognized limiting fac 


tor the penetration large molecules the 
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account its position the outermost laver the 
fiber, its continuous and coherent structure, 
chemical inertness, the epicuticle probably makes 
the greatest contribution the impermeability 
the cuticle. The difficulties wetting sound fibers, 
reagents, and the resistance hair enzymic diges- 
tion are phenomena which suggest 
ciated with the presence the epicuticle. 
able changes the wool, its dyeing 
properties, and the ease scouring may 
epicuticle or loosen and remove it. The pre IWTESSIVE 
changes the rate absorption produced 
the course manufacturing processes, noted 
Royer, Millson, and Amick may explained 
the progressive impairment the barrier offered 
dveing are other effects likely condi 
tioned the state the epicuticle (see Figure 
and can overcome uniformly damaging the 
epicuticle. 

approach the problems dyeing may 
follow the recognition of the role of the epicuticle 
governing penetration. Removal the epicuticle 
without other alteration the fiber may overcome 
many difficulties; this suggests the urgent 
research the chemistry the epicuticle 
underlying intermediate laver with the 
causing other 


great number tests for depending 
Most these seem depend upon the fact that the 
staining compound can gain entrance 
only where the epicuticle removed perforated 
capable preventing the penetration quite small 


Woods [25] may mentioned example, par 


ticularly since the authors were led, because the 


manner which the dve entered the fiber, 


that appeared though “there had been damage 
superficial skin which covered the The 


The penetration shown dye molecules, 
etc., into the fiber proper through perforations 
epicuticle. The figures the right show the appearance 
the fiber the optical diagram also 
damage.” 


seen from Figure test, which diazo 
tized) sulfanilic acid is supposed to couple with 
phenolic groups exposed the damage 
another well-known test which may 
plained terms the The inert epi 
cuticle will not react with the reagent, but, abrasion 
chemical alteration allows the reagent 
trate the lavers beneath, the reaction may 
occur, 

these tests are really tests for damage 
the epicuticle and not necessarily the 
leading strong positive test for “damage,” may 
treatment with caustic potash wall 
easily wetted fiber, even and simple dyeing, under 
some conditions and, owing 
higher average coefficient friction, stronger 
and fabrics and greater ease spinning, 
these properties treated wools have been noted 
and here wish merely point out that the 
changes are easily explained being 


the removal the protecting membrane. 


Reaction 


analysis this well-known reaction has 
recently been given the cause the 
chlorine water the attack the chlorine 
The osmotic pressure arising the 
solution the decomposition products causes watet 


pass through the epicuticle which, acting 
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reaction. 
trates the epicuticle, attacking the underlying 
layers. swelling leads formation 
blisters. The figures the right show the appearance 
the fiber the The loosened epicuticle 
may obtained free from the fiber shaking 


semipermeable membrane, inflated, leading the 
appearance the blisters. (See Figure 5.) 
The simplest method preparing the epicuticle for 
the electron microscope—shaking lightly chlorinated 
the epicuticle following the action chlorine 
the cement. Again, the Allworden reaction 
little value test for damage for the reasons 


earlier 


Shrinkproofing Treatments and Friction 


that modifications the 


frictional properties wool fibers may lead 


well established 


reduction the rate felting |25 This usually 


Certain other with 


coholic caustic potash do not seem to act in this 


way, although the frictional properties are altered 


The scale resistance not reduced significantly, but 


there rise the average coefficient, 
rise both coefficients This change, asso 
ciated with the impairment the epicuticle, appar 
ently increases the frictional hindrance fiber move 
ment sufficiently affect the rate felting. 

With the recognition the several frictional fac 
tors influencing felting and the complex character 
the fiber surface, more rational attack this 
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fuller knowledge the chemistry the epicuticle 
and the underlying cement again obvious. 


Nomenclature 


Since this new knowledge the histology the 
keratin fibers will increasingly helpful explain 


ing the reactions fibers, definite nomenclature 


for the new structures therefore most desirable, 


and consideration the terms used 


propose 
here, which are based the usage 
the 
and endocuticle for the components previously 


and fibrils, microfibrils, 


with other 


cluded the term “cuticle” 


and cortical cement for the components the cortex 


Summary 


account given the fine histology wool 
fibers and hairs revealed recent optical and 
reactions terms the complex structure the 
cuticle are suggested. The need for definite ter 
minology for the new components 


and some suggestions are made. 
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and Other Cuticular Preparations 
from Wool and Hair 


Research, Gothenburg, 


dyeing and strength fibers. have 
therefore examined the evidence for the existence 
and have repeated and extended the 
experiments the German workers. have con- 
firmed their experimental and 
tained further evidence the complexity 
structures enveloping the cortex the fiber. 
wish emphasize, however, that this evidence does 
not necessarily demonstrate the existence new 
sheath the cuticle, but that may inter- 
enticle which consists least three com- 
ponents this paper shall first all 
make some brief comments the work Reumuth 
then discuss our own ex- 
periments concerning the structure the subcutis 
and other similar preparations. 


Reumuth’s Microscopic Evidence for the 
Existence Subcutis 


Reumuth carried out optical microscopic study 


damaged wool fibers stained such techniques 
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and Siebers’ The interpretation 
details on-the verge resolution the microscope 
always difficult, but his micrographs often 
possible see that there are two lavers, differing 
staining properties, surrounding 

ever, there particular reason given for his de- 
ciding that the external laver the cuticle 
and that the second another component—the 
subcutis. this work was carried out with 
the optical microscope, which not capable 

vealing definitely the nature the enveloping lavers, 
does provide evidence, addition that obtained 
extracorticular structures the fibers 


Methods Isolating the Alleged 


and Zahn are different character from those 
Reumuth, since they lead the isolation from 
the fiber material which amounts 
weight) the fiber and for 
chemical analysis examination microscopy and 
problem determine, bevond doubt, 
the origin the isolated material. 

Lehmann heated hair and wool fibers form- 
solution 130°C for several hours. 
same dimensions those the fibers. have 
precisely similar material and 
mann does not give conclusive argument show 
that the tubes came from beneath the 
and Zahn first heated fibers form 
amide phenol and then digested 
pancreatin obtain similar refer 
the term “subcutis.” 

examining Lehmann tubes the first 
thing which strikes one that they appear possess 
the same external contour that the original 
Scale edges may readily seen, 
servation, together with the recent discovery the 
resistant epicuticle which known located 
the fiber surface, and the knowledge 
lavers exist the cuticle (Figure 4), im- 
have originated from the external 
cuticle and that consists, fact, the epicuticle 
thickened greater lesser adhesion the 
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intermediate and other layers the 
periments were therefore carried out check this 
cuticle from Lehmann tubes means the prepar- 
ative technique used separate this structure from 
the original fiber. Secondly, considered whether 
not thickening the epicuticle, caused the 
adhesion the intermediate layer short 
treatment with formalin, could detected. 


Separation Epicuticle from Lehmann Tubes 


Lehmann tubes were obtained heating human 
hair for hours 130°C formalin. 


appeared identical with those found Leh 


normal hair chlorination and shaking 
and the same technique chlorination minutes, 
chlorine, 20°C) was adopted 
treatment the Lehmann tubes the assumption 
that the epicuticle would still be the most resistant 
examination 
mann tubes, thin membranes (Figure typical 
the epicuticle were obtained. Figure z may be 
compared with Figure which shows the epicuticle 
transmission probably due the re- 
moval the hardened protein from the epicuticle 
the chlorine the case the Lehmann tube. The 
same characteristic folding the thin was 
is, thus, doubt that the Leh 
tube does contain chlorine-resisting 
membrane similar the which know 
to be located on the outside of the fiber. The pos- 
sibility remains that there may two such resistant 
membranes, the second one being beneath the cuticle. 
There is, however, no other evidence as vet ota 
second membrane this nature. 


Epicuticle from Partly Formalized Wool 


The epicuticle was also separated from wool fibers 
which had been only lightly treated with formalin 
(10 minutes, formalin, this case 
(see Figure the adhesion material 
the epicuticle can readily seen. Thicker depo- 
sition this manner heating further 
duce tube the same thickness Lehmann tubes. 

Thus there evidence that the 


does originate from the outside the fiber and that 


consists (see Figure the epicuticle, thick 
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tubes. 


le obtamned from wool fibers by light 


rccms to be 


The same tendency fold may observed. 


The difference appearance from membranes Figur 


fall into folds. 


tendency 


due adhering 
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Fic. Epicuticle from wool 
lightly formalin. 
The thickening due adhering 
protein may seen Figures 


2). 


ened greater lesser deposition the exo 
cuticle, and perhaps also 
Figure shows the complex struc- 
ture the cuticle revealed mainly the electron 
microscope, and the manner which the two ex- 
ternal lavers, and may combine tube 
protein which differs from the rest the 


Fic. Drawing illustrate the relative positions 
the several components the cuticle: (1) the exter- 


nal epicuticle, (2) the exocuticle, and (3) the endo- 


cuticle. Layers and may unite tube 


suggested at S 


hardens becomes firmly attached the epi 


cuticle, whereas the rest of the fiber Cissolves. 


Tubes Obtained Tryptic Digestion 
Supercontracted Fibers 


Tubular forms, again described Elod and Zahn 


are obtained the tryptic digestion 
fibers which have been supercontracted heat 
ing formamide phenol For our pur 
poses, wool fibers were heated phenol 
for hours, washed, and digested for hours 
trypsin thin, colorless tubes showed 
scale markings very the electron micro 
scope they were found much 
Lehmann tubes and 
graphs was possible. edges” showed 
clearly folds the thin appearance 
was similar that the external the 
fibers, revealed the replica technique. There 
was little doubt that these tubes were similarly com 


posed oO epicuticle and exocuticle. 


‘a 
he 
7 


» 


ges running parallel 


rid 


The 
micro- 


sheath. 


seen 


Portion typical Geiger 


the fiber direction may 


graph.) 


showing the 


“Geiger sheath” 
lightly covered with adhering exo- 


thickened portion and the thinner 


cuticle. 


(Gold shadowed. ) 


Geiger Sheaths 
The conclusions reached the present authors 


tubes were 
made more probable through the study similar 


concerning the structure Lehmann 
tubular forms obtained other means, 
but not described their discoverers 

electron micrographs cuticular material 
tained from wool, two types material have been 


Portion typical 


sheath 


flakes obtained tryptic digestion (see figures 
Mercer and Rees and Gorter and Houwink 
and Figure this paper) and extensive 
flat sheets crossed ridges resembling scale edges 
obtained the peptic digestion reduced and ethyl- 
ated wool (see Elod and Zahn and Hock and 


the form of 


This latter material, obtained 


tubes and remnants the complete 


683 
1949 
y 


removal the cortex, has been Geiger 
shall 


Superticially, these tubes resemble closely the Leh 


mann tubes and show clearly the scale marks the 
original 

terial was obtained wool one-stage 
reduction and ethylation process adapted that 
deseribed Brown and Harris 
ated wool was digested pepsin and 


iree 


The ethyl 


The sheaths were obtained more 


examination clearly they 
also consisted the epicuticle 
ing material. were less thick than 


patches (see Figure Figure which 
micrograph gold-shadowed material, the 


When 


gradation thickness seen. 


JOURNAL 


docuticle 
chlorinated Sheets thi 
may also seen, but 
exocuticle (least 

(Gold shadowed.) 


com 


resistant 
etched 


thickened, the Geiger sheath shows: 
running across the sheaths roughly right angles 
the fiber direction, consisting greater thickness 
material deposited where the epicuticle carried 
over scale edge (see Figure 6); and smaller 


ridges running along the fiber. 


prints of the ridges to be seen on the endocuticle 


speaking, the two tubes are very 


during isolation they may 


The 


mann tube seems owe origin the fact that 


the intermediate laver becomes 
The 


partly from the relative the 


partly also from the protection against enzymic 


* These ridges give to the complete sheath the appearance 
scale edges when viewed optically 


= 
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epicuticle. 


tack side the adhering 


Conclusions and Summary 
Three components may recognized the cuticle 
wool and hair: endocuticle, exocuticle, 
thin very resistant the inter 


The epicuticle, although exceeding] 


mediate although character, also 
differs considerably from the keratin the 
dissolving the keratin, separate 
thickened the adhesion more less the 
intermediate the form continuous tube, 
the external surface which that the original 

fibers formalin was described Lehmann, but 
the material was thought originate beneath the 
Histolog 


ically, similar tubes result from the tryptic digestion 


cuticle and was named the “subcutis.” 
of supercontracted fibers and the peptic digestion 
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X-Ray Microradiography Fibers and Fabrics* 


Abstract 


Grenz rays can used form shadowgrams single textile fibers well 
yarns and fabrics fine-grain photographic plates. 


Institute Textile Technology, Charlottesville, Virginia 


This paper deals primarily with the 


microradiography single fibers and includes description experimental equipment, con- 
ditions under which necessary resolution obtained, impregnation fibers with substances 


increase absorption x-radiation, and examples the utility the method. 


Single cotton, 


rayon, wool, and other fibers are clearly resolved x-radiation generated kv.; higher 


voltages (to kv.), 
with 10-20% 
masses untreated fibers. 


through processing operations 


comparatively long wave length—up 
fibers, varns, and fabrics 
When fine-grain emulsion used,.the images con- 
tain considerable detail which revealed photo 
The 
use radiography several fields has been 
scribed recently Sherwood Clark and 
Gross and Maddigan but little 
Suitable 


commercial x-ray equipment available, 


cation has been made textile processing. 


method appears feasible for studies processing 
weave, twist, and examination 
single fibers, and incluces description equip 
conditions 


ment, photo- 


graphic resolution obtainable, 


necessary 


fibers with absorbing substances, with indica 
tion possible 

The method microradiography distin 
guished from the familiar techniques photomicrog 
raphy and 


The image obtained shadowgram, 


American Chemical 
Chemistry 


meeting the 


31, 1948 


* Presented at the 
Washington, 


Division, 
Released for publication 


cal Society 


Carolina 


harlottesville, Va 
Manutacturing Co., 


107 Washington St., ¢ 
Bates 


Present address 
Present 


Maine 


address Lewiston, 


natural fibers give faint shadowgrams. 
lead sulfide other materials, single treated fibers can then distinguished 
This technique provides means for tracing individual 


When the fibers are impregnated 


essentially the same size the original, but with 


such detail that can enlarged photographic 
100 
some respects the microphotographic techniques 


which very small image large object 
used obtain large image very small object. 
obtain diffraction pattern structure, 
the sense delineation form, the orig 
method described Trillat hard 
\-Tavs are used to liberate secondary photo-electre ms 
either directly from the object under study from 
metallic surface contact with the 
the photographic image these photo- 

Substances comparatively low density such 
those used textile materials are, course, easily 
penetrated radiation the wave lengths com- 
monly associated with order produce 
shadow image fibers photographic plate, 
necessary 


use radiation low penetrating 


Grenz rays, are absorbed part fibers. 
the purposes of this work, resolution of the entire 
fiber only was sought; resolution the 
ture within the fiber difficult, not impossible, 


obtain the procedure used. 


| 
j 
| 
4 
3 
4 
| 
| 
4 || 
4 
| 
| 
| 
4 
: 
th 
| 
| 
| 


NOVEMBER, 1949 


X-Ray Equipment and Performance 
Some preliminary tests were made with portable 
( ( eneral Electric Co Model F-2 
This instrument operated about kv. 


radiation was too penetrating photograph single 
fibers. order obtain less penetrating 
the primary voltage the tube transformer was 
duced with For v., primary, was 
estimated that the secondary voltage was 12-15 kv. 
images could obtained such 
voltages, however, probably because the tube window 
was too thick permit the 
the tube operating full voltage shown Figure 
disadvantage this unit for research 
purposes lies the that the rectifier gave only 
radiation was being generated, and during 
the other half the the voltage changed from 
zero maximum and back zero again. The 
homogeneous. 

x-ray tube, Type with 
thin window (1.0 mm.) permit passage 
soft rays comparatively long wave 
copper with tungsten target 
The spot 1.5 square projection, with 
coverage solid angle, giving beam about 
The tube was mounted bracket which 
allowed at to be ratsed or lowered ; 


window. 


pointer and 


General view 
right, control panel rectifier unit left.) 


(X-ray tube 
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scale showed the distance between the window and 
the base which the photographic plate was placed 
for exposure. 

Machlett tube was obtained from surplus Army 
radar rectified unit, Type This unit gives 
rectification, with ripple direct current 
less than maximum output the unit 
0.5 ampere 7.5 kilowatts, which far 
above the requirements the x-ray tube. The 
high-voltage were reversed polarity that 
the anode the x-ray tube could 
filament transformer for kv. was used supply 
the filament current the tube; 
input voltage this transformer the filament cur- 
rent could current through 
the x-ray filament was initially determined con 
all 


subsequent experiments, the filament current could 


graph filament current vs. input voltage. 


read from this graph observing the input volt 
Meters 
the rectifier unit permitted direct reading the 


age voltmeter the primary circuit. 


high voltage across the x-ray tube and the current 
through the tube. The arrangement the appara- 


tus shown Figure 


Nature and Distribution Radiation 
from X-Ray Tube 


The radiation emitted from x-ray tube consists 
continuous spectrum all wave lengths down 
minimum wave length, determined the 
continuous spectrum there may 
which depends upon the voltage and also 
the target material. Since, present 
work, the usual maximum voltage used kv. and 
the target tungsten (with high atomic 
the characteristic radiation can completely neg 
For the continuous spectrum, the intensity 
energy distribution can expressed function 
either wave length voltage means the 


formula 


stant depending upon the physical characteristics 
the target and upon the number electrons striking 
per second, the voltage across the tube, and 


pressed kv. and Angstrom units, 12.34 


2 


Ban's 
j 
RES 


O8S 


The maximum intensity the beam occurs 
wave length approximately equal (the 
wave length). 

instructive examine the intensity distribu- 
tion for several voltages and 
This first for the beam originates 
the target means the formula given above. 
Then, because wave lengths are absorbed 
the window and the air 
between window and photographic plate, 
the shape the distribution curve greatly altered. 
These points are illustrated the graphs 
and where relative intensity, plotted 

intensities the target for voltages 15, 10, and 
Figure are redrawn expanded intensity 
scale. Two features these curves may pointed 
out: not only does the intensity each wave length 
fall rapidly with decreasing but 
region greatest intensity the 
longer wave lengths. The area under each curve 
may taken measure the total amount 
leaving the target. means pla 
nimeter, these areas (up 12.0 \.) were found 

Part the radiation leaving the target 
sorbed passage through the tube window 
absorption formula 


through laver absorbing material thickness 
Since varies with wave length, the 
tion intensity cannot for the whole 
heam but must found for each wave length 
note that virtually radiation ahove 
absorbed 1.0 mm. Since the pro 
portion radiation below much greater 
loss total energy much less the higher 
than the voltage. Data Table 


that about the emerges 
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500 


400 


300 


INTENSITY 


RELATIVE 


100 


2.0 4.0 6.0 8.0 
WAVE-LENGTH, 


Fic. 2.) Curves showing of relative inten- 


Traversing the air-space between the window and 
the photographic plate causes loss 
tensity, and again the loss greater the longer 
wave lengths. Curves and the 
relative intensity the beam that finally reaches 
plate placed the tube window. 
most the long wave-length radiation has 
heen absorbed the window the air has 
much less effect the intensity than the window 
had, there being further reduction about 
But since there relatively little wave-length 
radiation the beam, the absorption 
air very serious, and only about the orig 
inal beam reaches plate away. Hence, 
while the energy the initial beam 
only about 2.5 times that and 


that the corresponding factors from 


| 
| 
| 
200 
| 
| 
| 
4 
| 
a 
| 
1 
4 
| 
| 


RELATIVE INTENSITY 


° 20 40 60 80 10.0 12.0 
WAVE-LENGTH, A. 


sity x-ray beams with wave length (expended inten- 
through beryllium through cm. air. 
dow; IX, through air. 


the window are 3.6 and Such considerations 
show why, for work long wave lengths, neces- 
sary evacuate the space between window and plate 
(For recent study absorption air, 
see Day and Taylor 

These matters have considered 
possibilities and the limitations the use 
wave length; from this upper limit, 
the wave length extends for kv. and 
for the practical limits voltage for 
emulsions can considered sensitive 
all wave lengths this narrow band, the areas 
under the curves Figures and atford measure 
the relative exposure times 
other conditions being unchanged, 
tween distance and exposure time does not hold at 


proper exposure time kv. and 100 
the tube moved down within the 
plate, the inverse-square law the exposure time 
100 


Table shows, the relative intensity the 


Hence the exposure would not but rather 
the other hand, the proportional 
because air absorbs much more the 
radiation. exposuré 100 sec. would 
gain over 

briefly these observations the 
behavior x-rav beam concerns the 
mediate practical x-ray photography, 
may noted that: (1) 
rapidly voltage decreases; (2) the radiation 
lower voltages not only less intense but also less 
penetrating than higher and (3) absorp 
tion radiation far more important low 
hence for work region the tube 
should brought close the plate other con- 
siderations Table may used form 
rough estimate relative exposure times, which 
vary inversely with the radiation. 


Photographic Plates and Films 


Since the width many textile tibers lies between 
that the resolving power the photographic emul 
enough show such small objects 
The usual emulsion, with resolving power 
lines per cannot reveal clearly images smaller 


548-0 spectrographic plates are excellent for the 


PABLE Revative Totan Rapration in N-Ray 


Relative total radiation 
\fter passage through 
Bervilium Window Window 


Lube window and and 
voltage the 1.0mm 10em 25em 
kv target thick au iit 

10 &4 18 14 10 
15 206 79 67 MO 
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filaments con- 
sulfate. (a) 
Background 

Process Ortho film; 
ervposure. 
Pont x-ray film 
Background 


barinm 


exposure. 


) 
-/-SeC. 


ma., cm., 


cotton slitz 
purpose. 


taining barium sulfate were photographed 
548-0 plate, Eastman Contrast Process Ortho film 


diameter, 


are 
distinet even the x-ray 


ferences. Figure shows areas each the neg: 


tives for Figure enlarged times; the negative 
was placed the stage microscope and photo 
was taken the usual The 


grain size strikingly evident: the spec 
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Contact 


from 4b; from these pictures, 
that appeared black Figure appear white because 
reversal 


process.) 


black and white photomicrographic 


trographic plates are capable further enlargement, 
while almost all image has been lost from the x-ray 

Some sacrifice has made obtain the fine 
548-0 emulsion. 


sensitivity, which 


resolution the The fine-grain 


plates have low 
greatly increased time any given 
voltage and distance between tube plate, the 
intensity the beam directly proportional 
the electron current flowing between cathode and 
proper exposure time therefore 


product electron current exposure time 

tivity the given voltage and 


sensitivities expressed this way, determined 
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experimentally, are given for the three emulsions 
used. The general rule that fine grain and high reso- 
lution are accompanied low speed illustrated. 
The extreme slowness the spectrographic 
plates very definite advantage most cases. 
The plates are slower than the 
papers and can handled and developed dim, 
diffuse daylight without fogging, although red 
safelight fairly dark room usually used. 
possible, therefore, place the plate properly 
under the x-ray tube, arrange the samples it, make 
the exposure, and develop the plate under convenient 
lighting conditions. With the other emulsions, the 
usual precautions had taken the 
room adequately, else the film had kept 
lightproof holder and covered with suitable filter 
Wratten 87) during al- 
ternatives were inconvenient and, the second 
there was always the possibility that the filter might 
absorb some the x-radiation along with the visible 
light. When voltages near kv. are used, exposures 
are greatly prolonged with 
plates that the inconvenience using the faster 
emulsions largely compensated voltages 


Fic. photograph sliver wound 
with cotton roving and copper wire 
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kv. higher, the exposure time for the 
plates not excessive: kv. and milliamperes 
(ma.), min. usually adequate. 
these plates were used for most the pictures taken 
the work described. avoid staining during 
development, the recommendations 
were where noted the 
developer D-19 min. 68°F) was used 
give maximum contrast, followed washing 
water for The plates were fresh 
hypo for 5-10 and the hypo was changed 
frequently. 

The experimental procedure used the 
follows. The plate placed 
directly under the window the x-ray tube, and the 
specimen laid the numbers, like 
those used for x-ray work hospitals, are stuck 
bit Scotch tape and placed one corner the 
plate for identification.) Since the x-ray beam 
divergent and inevitably there some scattering 
light the fibers, the conditions for obtaining 
sharp image must determined. According the 
manufacturer the x-ray tube, the distance 
tween window and object least times that 
between object and the outlines the images 
will experience has borne out this 
claim. Very fine wires (Wollaston wires, 
diameter), raised em. above the plate, gave sharp 
images when the tube was cm. above. Figure 
also the point: shows loop cotton 
sliver 1-2 em. thick, around which 
loosely length cotton roving and fine copper 
wire. The wire some points was cm. above 
the plate, vet the image uniformly sharp. 
times more—then the fuzziness the boundaries 
But since, practice, such 
magnifications are necessary for the 
mind, and since the objects studied will 
general less than em. from the plate, difficulty 
anticipated from lack good definition 


VoLTAGE 
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Emulsion 
Pont Safety X-ray 
Eastman Process Ortho 300 
70,000 
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order take the pictures, the fibers were 
opening in. (see Figure recess about 
3/16 in. wide was machined about the opening, the 
thickness being reduced about (O.8 mm.), 
and this recess the fibers were mounted means 
then arranged the photographic plate below the 
window the tube. Thus the were 
brought within the plate; varns were 
raised above this height their 

Visual examination the plates 
tively made means binocular 
microscope. Low-power photomicrographs of se- 
lected areas the plate are useful for record pur- 
straight photographic enlarge- 
ments can the photographs 
the half-tone process results appreciable loss 
clarity. 


Impregnation Fibers 


the objectives undertaking this 
gation was develop method following indi 
vidual fibers through one several textile processes. 
this was necessary mark certain fibers 
order that they might distinguished later 
from the bulk the impregnated 
with metals metal salts are more 
than untreated the extent which 
would appear lighter than 
plate. 

was noted the untreated them- 
selves were found that became 
necessary find means increasing the absorb- 
eney impregnation until there was sufficient con 
trast between the treated and untreated material 
make the former distinguishable. the same time 
was desirable change the other properties 
possible. 

the first attempts render cotton fibers more 
absorbent x-rays, silver was deposited within the 
This metal was chosen, spite its rather 
low atomic number (47). the readiness 
with which its salts are reduced alkaline medium 
the metallic state after has been put the 
amount the wetting Aerosol-OT, 


was added the solution facilitate penetration. 
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Fic. 7. Fiber holder. 


After had out, the 
sample was immersed photographic developing 
solution reduce the silver nitrate 
nitrate introduced about silver into the 
the amount could repetition the 
sections under the microscope showed silver 
was both the and the cell 

When was present the fibers, they 
could distinguished from untreated ones the 
plate after exposure, but the difference 
was hardly great enough permit compara 
tively few marked fibers mass unmarked ones. 
While further study the several variables 
such exposure times, might make this method 
turned lead, metal with greater absorptive power 
for Lead cannot easily reduced, how- 
ever, without damaging the cotton 
was considered important for the impregnating ma- 
terial to be in an insoluble form, the fibers, soaked 
phere containing sulfide the 
acetate insoluble acid liberated 
the process under some conditions, weaken 
the diluting the with 
air and keeping the mixture continuously stream 
ing around the sample, most the acid was evapo- 
rated fast formed. order detect any 
loss tensile strength during impregnation, the 
sample. 


; 
— 
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STRENGTH OF FIBERS WITH CONCENTRATION OF LEAD 
AND SULFIDE (SAMPLES 
SoAKED LEAD ACETATE AND 
90 Minx. to Gas) 


Concen- 

tration Concentration hydrogen air 

lead 10% 25% 50% 

7.3 5.1 6.3 7.2 8.7 
4) &.8 6.1 14.3 6.9 19.2 5.9 


Pressley strength index. 


for few preliminary tests with absorbent 
cotton, the tibers used were 1! ,-in. staple cotton in 
the form combed sliver. The general procedure 
for impregnation was follows. 
ting agent, just enough acetic acid was 
tions, measured with Beckman meter, was 4.5 
After soaking the solution, the 
were squeezed nearly dry possible and hung 
filter flasks through which the air-hydrogen- 
ranged tandem that number samples could 
treated the same sulfide was 
obtained from commercial the gas and 
from the compressed-air line 
wise washed, and the two gas streams were com- 
bined before entering the train flasks. The wash- 
hottles not only served scrub the gas and air, but 
also saturated them with water vapor that the 
samples the flasks would not dry ratio 
hydrogen sulfide air was estimated with 
cient accuracy counting bubbles the wash 
After the sulfide treatment, the samples 


HypROGEN SULFIDE (SINGLE 
PREGNATIONS 10% ACETATE) 


hydrogen Lead Pressley 
sultide content strength 


index 


0 (control 0 7.5 
7.4 
7.4 
4.5 
4 4.6 6.0 
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TABLE Variation CONTENT AND TENSILE 
FIBERS WITH REPEATED IMPREGNATIONS 
(SamMPLES SOAKED IN 20% Leap ACETATE AND 
Hr. FoR EACH IMPREGNATION 


Potal 
time 
Number Lead Pressley 
content strength 
tions (hrs. index 
0 (control 0 0 7.5 
6.7 
2 1 8.6 7.0 
11.8 6.7 
14.2 6.7 
5 18 24.9 4.8 


were thoroughly washed running water remove 
any acetic acid and unreacted lead acetate. During 
washing, lead sulfide adhering loosely the fibers 
was also removed. The samples were then oven- 
dried 100-110°C. lead content the dried 
samples was determined analysis. 

The effect the following variables 
tained, increase the amount lead inside the fiber 
wall and lumen, and minimize loss tensile 
strength: (1) concentration and temperature the 
lead acetate solution; (2) concentration and time 
exposed hydrogen sulfide; (3) multiple impreg- 
nation; mercerization fibers before impreg- 
nation. 

The amount lead the fibers 
lead acetate the impregnating solution, provided 
the time exposure hydrogen sulfide was long 
enough the concentration the gas high enough 
shows that min. hydrogen sulfide suffi- 
cient with lead acetate, but that with lead 
acetate the sulfide concentration must consider- 
ably the temperature the lead 
acetate solution had little effect, and min. the 
the sample tube, pumping out the air, and then 
admitting solution the tube did not increase ap- 
preciably the amount lead absorbed. 

Table shows that, for low concentrations 
lead the fibers, exposure for min. 10% 
hydrogen sulfide air was sufficient give 
mum formation lead higher concen- 
trations, either the time the proportion hydro- 
gen sulfide air had increased (for examples 


see Table IIT). 
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The amount lead was increased multiple im- 
pregnation, but successive treatments 
increments (Table examination 
cross sections impregnated fibers showed only 
small amount lead the lumen cell 
the other hand, was found 


distributed throughout the fiber.) 


the sulfide was the outside, clear why repeated 
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penetration the lead acetate solution into the fibers 
and hence increase the amount lead 
however, mercerized fibers showed 
very nearly the same pickup unmercerized ones. 
Under the microscope, did appear that the lead 
sulfide was more uniformly distributed the mer- 
cerized samples, but the difference was not great 


Tables 


tensile strength the fibers was not greatly reduced 


treatments added less and less to the total deposit. 
was thought that swelling the fibers mercer- and that, general, the 
izing them before impregnation might 
either the impregnating process the 
ence lead sulfide, about Prolonged 
more lead resulted significant decrease the 


Pressley strength index. 


Absorption X-Radiation Fibers 


the most interesting observations made 


during this study that many natural and synthetic 


fibers absorb appreciably 17.5 kv.; indeed, 


fibers have been found that are transparent 
this voltage. was expected that radiation this 
voltage would too penetrating and that would 
necessary use much softer radiation 
Cotton, wool, nylon, viscose and 


less) before shadowgrams 


could be obtained. 


acetate rayon, hemp, jute, sisal, ramie, 


Fic. N-ray photographs single fibers and yarns 
untreated cotton yarn and single fibers; 
E, Ba; G, 
nylon yarn and fibers, 


N-ray photograph blend treated and 
untreated cotton fibers Treated fibers con- 
wool yarn and single fibers; lead lead sulfide (15 cm., 
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Some these are illustrated Figure both 
single fibers and yarns; some impregnated 
opacified fibers are also shown. Since differences 
between cotton fibefs containing different amounts 
lead could observed, blends treated and un- 
treated cotton were made see whether not the 
marked fibers could identified. Figure 
such blend, with approximately fibers con- 
taining lead. The matte fibers laid the 
plate was about thick. The 
stand out against diffuse background untreated 
fibers. 

Although fiber tracing has been partially success- 
ful by the method just illustrated, a few isolated 
marked fibers large matte cotton are much 
harder the untreated fibers are nearly 
parallel, then few single fibers laid across the matte 
are spotted without much difficulty, but when treated 
and untreated are lined alike, very difficult 
distinguish the two. test this point, some 
“standards” were made planting number 


0 


10 


Printing times, seconds 
Lead 


Fic. N-ray photographs absorbent cotton im- 
pregnated with Three prints made from the same 
posure. 
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sliver, and the standards 
graphed. Those containing less than 
could not picked out About half the 
fibers containing more than lead were found 
without much uncertainty, and another quarter were 
found one examiner and not 
therefore, only about the treated fibers can 
found when the entire sample covers less than 
sq. (6.3 the possibility finding few 
marked fibers scattered large mass unmarked 
fibers, such card web, not very great. 

One source uncertainty dealing with indi 
vidual fibers incomplete knowledge regarding the 
course, samples thousands fibers and rep 
picked out for study, the lead content may con 
siderably above below the average for the mass. 
This may account part for the failure find all 
the marked the tests just 


Fic. photographs Ray-Tec surgical 
sponge. Machlett x-ray tube 
posure. portable x-ray unit 
Pont x-ray film; ma., ca. cm., 3-sec. 
exposure 


\ 


right—soaked mercuric nitrate solu- 


with cotton. The agent sulfate, 

important factor the contrast 
that obtained: short exposures tend show 
fibers, whereas long the 


x-rays tend “burn through” the less absorbent 
material. Furthermore, exposure the final print 
from the plate allows considerable latitude 
phasizing repressing the image. Figure 
example this the three prints 
shown were all made from one plate changing 
the exposure time during printing. The image 
cotton, clearly seen the plate 
can virtually eliminated shortening the print 
ing time, and the same true the sample contain 
ing lead. the other hand, even 

shown Figure 11, the image untreated cotton 
threads faintly apparent, therefore, 
that there great deal latitude both obtaining 
the original x-ray image and making prints from 
it; any particular detail may, considerable 
justment nature the x-radia 


one time been the same 
picture can obtained over the whole 
higher), only the proper exposure times are Specialty rayon) (13 
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titanium dioxide, lead oxide, ete.) may added, 


were obtained from the American Viscose Corpora- 

were found single filaments the four samples, 
but the contrast between rayon containing 
opacifier was not enough permit ready iden 
oxide might give the necessary 


staple form could probably used 
ing some the industrial problems examined 

The Johnson and Johnson Company produces 
surgical sponge, with black rayon 


folded gauze. The contains more 


tion, can readily located x-ray fluoroscopy 


Gabardine suiting acetate photography. (See also similar use high 


a 
by 
iB 
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upper one, made kv., the gauze threads are 
very clear, although the loaded rayon filaments are 
much more the lower picture, made 
about kv., the cotton only very faintly dis- 
cernible, while the separate rayon filaments 
clear. 

Wool soaked solution salt mercury 
takes mercury form that cannot washed 
out subsequently, perhaps through combination with 
sulfur the fiber molecule. stand- 
ing the solution (several days), the fibers become 
deep red color, the intensity depending upon the 
length time soaking. Figure are shown 
radiographs untreated wool fibers 
mercuric nitrate. 

Figures 13-17 show enlargements microradio- 
graphs several types ordinary cotton 
bagging, two types specialty fabrics made vis- 
cose rayon, gabardine suiting made 
order take 
the pictures the samples were simply laid 


acetate blend, and elastic webbing. 


The in- 
dividual fibers the varns are clearly discerned, and 


plate under the window the x-ray tube. 


the construction the fabrics also 
the rubber cores are more absorbent 
than the surrounding cotton fabric. These examples 
are given illustrate the application microradi- 
ography the study varns and ply cords 
may also profitably studied this technique, 


Summary 

generated 17.5 kv. (wave length 
1-3 A.) have been used for microradiography 
single plates with 
resolving power excess 500 lines per gave 
shadowgrams which permitted enlargements 
times. 

Clear images cotton, acetate 
obtained. 

x-ray tube object should least times that 
object photographic plate. 

fide increases absorption x-rays that they 
such fibers are clearly discernible x-ray 
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photographs kv. when laid across the untreated 
fibers, but, side side, they can scarcely distin- 
guished with assurance more than about half the 
fibers, the former are clearly visible, and the pro- 
without losing sight the 

Rayon fibers can made highly absorbent 
x-radiation the addition agents such 
barium sulfate the dope before Such 
fibers may very useful tracers studying 
textile processes. 
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Cellulose 


XII. The Degree Polymolecularity Acid-Modified 
Celluloses 


Mehta and_Eugene Pacsu 


Contribution from the Textile Foundation and the Frick Chemical Laboratory, 
Princeton University 


Abstract 


nitrates hydrocelluleses from native cotton, surgical cotton, and viscose rayon were frac- 
tionated from dilute acetone solutions. The results indicate that large proportion the hydro- 


celluloses are that almost 33% 


the methanolyzed native cotton consists mole- 


cules with 252, about 70% the hydrocellulose from surgical cotton has 260, and 
some the material from viscose rayon possesses D.P. 62. Moreover, the most important 
fractions were found integral multiples the assumed “limit hydrocellulose” with D.P. 64. 
Integral- and mass-distribution curves were constructed from the experimental data according 
the procedure outlined Schulz and were compared with the theoretical mass-distribution 
curves the basic assumption random hydrolysis long-chain molecule with 
uniform hydrolyzable three cases the experimental curves show pronounced peaks, 
which can readily interpreted only the basis the new concept cellulose structure. 


ORDER TEST the validity the new con- 
cept cellulose structure essential that the 
degree polymolecularity the various hydrocellu 
loses contradictory results 
would expected according the old and the new 
concepts of cellulose structure. If cellulose con- 
sisted only long chain glucose-anhydride resi- 
dues held together equivalent, 
covalent glycosidic then partial acidic 
degradation would result random scission 
the long-chain molecules; hence, the cellulose would 
expected less and less uniform the deg 
radation the other hand, the new 
concept postulates that hydrolysis should take place 
preferred, equidistant spots the cellulose mole- 
cule, and therefore the material should increase 
“limit would expected more 
less uniform. 

For the determination the degree polymo- 
lecularity the nitrates the following three typical 

*The first paper this series appeared the October, 
were published April, July, August, Oc- 
August, 1947, and Paper the July, 1948, issues, and 
Paper the October, 1949, 


hydrolyzed with hydrochloric acid 60°C for 
solution; surgical cotton hydrolyzed with 
hydrochloric acid 60°C for hrs. and having 
270 cuprammonium solution; native 
cotton degraded with 
chloride for hrs. and having 260 
cuprammonium solution. 

the methanolysis experiment was 

The were nitrated O°C for 
hrs. with mixture fuming nitric acid (89% 
glacial phosphoric acid and 
hydride the ratio (by weight), 
cordance with the procedure outlined Davidson 
Approximately the nitrating mixture 
was used for gram the material. the end 
the nitration, the product was filtered with suction 
fritted glass funnel, and pressing the nitrate 
with the flat end glass rod most the acid 
was removed. The nitrate was then steeped dis- 
tilled water, changing the water number times, 
and finally was washed Buchner funnel with 


hot water and dried over solid potassium hydroxide 


desiccator. 


The nitrates were examined for 
content the “nitron” method nitro 
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312 THE NITRATE) 


Number 


units; 

No. (g. Percent 270 calculated 
1 0.03 0.55 

6 0.17 3.12 605 1 (64 

7 0.06 1.10 

Subtractionation of Fraction No. 2 (1.54 x. 
0.82 53.2 546 
0.63 40.9 520 (512 


cellulose with alkali, there are formed 
alkali nitrates, nitrites, and small amount 
monia. The formation nitrites and ammonia 
The whole the nitrogen content then obtained 
nitrate, upon and may 
quantitatively using (diphenyl-endanilo 
nitrogen content about 12.7 
was obtained for the products analyzed this 
method. 

For the the nitrated hydrocelluloses 
were dissolved acetone give 
liquid phase, according to the procedure ot Schulz 
the following manner 

The flask containing the acetone solution the 
water-bath and enough distilled water 
The solution was then left 
days the bath, the less soluble 
out the viscous, liquid the bottom 
the flask. The clean, 
tated from the viscous liquid addition distilled 
water, filtered out with suction, and dried over solid 
potassium hydroxide Six seven 
were obtained manner their 
degrees polymerization were determined meas- 
each fraction three solutions with different 
concentrations were prepared 
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FOR THE NITRATE) 


Number of 


Fraction Weight D.P: = 
No. (y. Percent 270 X \n calculated 
0.34 546 (512 
1.87 46.75 200 
0.40 10.00 261 4 (256 
5 0.21 208 3 (192 
7 0.14 3.50 70 1 (64 


FOR THE 


Number of 


units: 
Fraction Weight DP: 

No. (g Percent 270 |n! calculated 
1 OR! 32.4 162 2 (128 

2 0.29 11.6 &1 1 (64) 

0.28 11.2 (64 

0.61 24.4 (64 

5 0.20 8.0 53 1 (64 

if) 4.4 


denotes grams per intrinsic viscosi- 
ties, were obtained, which were converted into 
the values multiplying 270, according 
the method Kraemer and Lansing 

The results fractionation, given Tables IT. 
and indicate two significant features 

the first place, large proportion the 
terial uniform and shows about 260 
the case cotton and the case viscose rayon. 


Thus, almost the methanolyzed native cotton 
cotton has even larger fraction this degree 
with the fractionation the hydro- 
the material uniform, with value 62. 
with 525, the case the methanolyzed 
native cotton, does not result significant variations 
the values (346 and the 


thus indicating the uniformity the product. 
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AND CURVES FOR MATERIAL 
RIVED FROM METHANOLYZED 

Cumulative 
Fraction weight 
No. Percent percent obs 
2 1.81 9.038 6.62 &4 
8.50 13.28 182 
32.72 33.89 252 
89.99 70.12 525 
0.55 
AND Mass-DistRiIBUTION CURVES FOR MATERIAL De- 
RIVED FROM SURGICAL 
Fraction weight 
No. Percent percent x 10° obs 
2 8.00 11.50 7.50 166 
16.75 14.12 208 
70.00 86.75 200 
8.50 95,25 86.75 


These results cannot be reconciled with the postu 
late random hydrolysis methanolysis, logical 
conclusion derived from the molecular-chain theory 
cellulose structure which permits the presence only 
“uniform and covalent link 
molecular-chain theory were correct 
then the fractions would show perfectly random dis 
indicate 


tribution 


nounced 


pro 
peaks any particular values. 

The second interesting characteristic marked 
periodicity the values the various frac 


6 - 


tions. the basic unit “limit 


and that the most important fractions are 
approximately integral multiples that 
the case surgical cotton striking 
that fractions between 260 and are absent 
and that the latter value about 
former figure. 

various brought out more clearly 
plotting the theoretical and experimental distri- 


The method, 


bution curves (Figures and 3). 
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AND CURVES FOR MATERIAL 
RIVED FROM RAYON 
Cumulative 
Fraction weight 
No. Percent percent obs. 
1 12.4 12.4 6.2 53 
3 11.6 59.6 53.8 81 
4 32.4 920 75.8 162 
100.0 
Curve the Figures represents the in- 


tegral-distribution curve, which gives the variation 
the funetion with the latter the 
The fractionation data are tabulated (Tables 
and VI) the order increasing values, and 


degree polymerization 


the cumulative weight percentages are for 
each fraction that these values give the amount 
material below the corresponding D.P. 
The value 10° for the first 
fraction one-half the whereas 


represents the average the cumulative weight per 


total amount. 


for each the 
cent that fraction and that the preceding one 
the integral-distribution curve, graphical 
differentiation, one obtains the experimental mass 
distribution curve 

comparison the mass-distri 
(@) 


use made the equation 


which derived the assumption that 


with the theoretical mass-distri- 


bution 


100 
and that all bonds have the same probability split- 
denotes the the original material 


e.g., 3000 for cellulose. regardless of the state of 


1 


degradation the starting material (thus 


for viscose rayon still represents 
with the aid of os- 


nitration (determined 


3,000 


10.5 for that from 


Ivzed native cotton, 


3,000 


the surgical cotton, and 


60 


7 
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© INTEGRAL- DISTRIBUTION CURVE 

@ MASS-DISTRIBUTION CURVE (EXPT) 


fe) 100 200 300 400 500 600 


Fic. Distribution curves for material derived from 
native cotton (Tables and 


for the nitrate obtained from the 
order calculate the theoretical mass 
distribution over various various values for 
20, 40, 60, 100 


the case viscose 


used only for The values 


are then plotted against (Curve 


Figures and and the curves obtained rep 


resent the theoretical mass distribution material 
which contains only one uniform type hydrolyz 
able bonds 

the deviation the experimental results 
theoretical random hydrolysis and 
equal probability cleavage all hydrolyzable 
bonds the cellulose experimental 
curves (@) three cases 
peaks (at for cotton and for 
ravon), whereas the theoretical curves show 
distribution over fairly wide range values. 

take these results fractionation convine 
ing evidence for the new concept [5] of cellulose 
true that the cellulose molecule 
there are chains glucose-anhydride units con- 
nected weak, acid-sensitive acetal bonds 
Formula [), obvious that, upon hydrolysis and 
the fractions would show values 
which are integral multiples that unit. This 
expected because the acid attacks these weak 


bonds first, leaving chunks the cellulose molecule 
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© INTEGRAL= DISTRIBUTION CURVE 
@ MASS-DISTRIBUTION CURVE (EXPT) 
x »  (THEOR) 


Distribution curves for material derived from 
hydrolysed surgical cotton and 


of D.P. 64 


which depends upon the extent the hydrolysis and 


where integer the value 


upon the accessibility the acid-sensitive 
also evident that the hydrolysis proceeds—that 
is, More and more weak bonds split—the material 
progressively becomes more uniform 
reaches the limiting value, which appears about 
This simply means the 
tains acid-sensitive linkages which, however, occur 
regions inaccessible the acidic reagents. 


value 


has been chosen the probable 


molecule supposedly acid-sensitive linkages 


@ INTEGRAL -DISTRIBUTION CURVE 
@ MASS-DISTRIBUTION CURVE (EXPT) 
s . (THEOR) 
Or 0 
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hecause have not yet been able obtain Kraemer, O., and Lansing. D., Phys. Chem 
39, 153 (1935). 
19, 625 (Oct. 1949) 
Pacsu, “Recent Developments the Structural 
mental results obtained this work are excellent Problem Cellulose.” Zechmeister 


any cellulosic material primary degradation prod- 


uct with lower value. 
should pointed out that the experi- 


agreement with the conclusions drawn from the ex- “Progress the Chemistry Organic Natural 
perimental results presented Paper Vienna, Springer-Verlag, 1948, Vol. 
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Pore-Size Distribution Textiles—A Study 
Windproof and Water-Resistant Cotton 


Helmut and Nancy Spicer 


Institute Textile Technology, Charlottesville, Virginia 
Abstract 
moditied method for evaluating the distribution pore spaces within textile fabric, 
a¢ 


based the principle outlined the preceding paper this [1], described. Data are 
reported for tight fabrics, which had been treated with water-repellent finish. 
porosities these fabrics are compared with the results air- and hydrostatic-permeability 
measurements, 


Introduction placement employed obtain complete 

material. The present paper extension 


water-resistant fabrics, textile and weav- 
this work was carried out the Institute 


ers have endeavored make the holes the cloth 


and water-resistance tests, all which yield only previously measured. this modified method 


relative values without indicating the true nature have been obtained the pore-size distri 


the openings responsible for fluid passage. There tight. experimental cotton fabric 


is, therefore, the need for independent physical For the complete theory the method, the 


earlier publication Ritter and Drake 


designs can studied. 


Such method has been described the preceding this theory, the relationship for the 


namely 
The first article this series appeared the September, 
1949, issue. 
Present address: Textile Research Institute, 
New Jersey 


- 2 cos 6, (1) 


where the pressure, the pore radius, the 
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Cylinder 
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Vacuum 
Pump 


Fic. Schematic diagram porosimeter. 


surface tension, and the contact used 
derive distribution function for pore This 
such nature that the area 
under the curve plotted against 
tween any two values gives the volume pore 
space for all pores having those limit- 
ing The distribution function evalu 
ated equation 


Nm 


which all the terms the right are known 
pressure applied. 

work was identical with that used earlier except for 
the fact that the value was used the con 
tact angle between mercury and the cotton 


equation This choice based extensive 


study contact-angle theory and for 


wetting and nonwetting liquids and 


to be better than the choice of 140 . Which was used 


Because the change constant factor, the shape 


housing (B) (right) 


the distribution curve will 
affected. 
Experimental Procedure 


from which the pore distribution can calculated 
one measuring the changes total volume 
system composed textile fabric 
mercury when the system subjected increasing 
external the present apparatus, volume 
changes are measured volume 
nometer with calibrated glass vol 
umenometer placed glass pressure flow 
meter housing the porosimeter 
nitrogen gas pressure from 200 per sq. 
fabric the volumenometer determined the 
height the capillary measured with 


apparatus The fabric sample placed 


3 j 
4 
* 
4 
4 
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(.4) Figure 2), 
which into the pressure housing (2) (Figure 
2). The latter 


recording the temperature the system and 


volumenometer 


housing 
through valve the atmosphere, through valve 
precision test gas 


and through valve (G) 


high-capacity mechanical pump located trap 


the manometer 


The volumenometer proper consists three parts 
(see Figure 2): stainless-steel evlinder for hold- 
ing the sample immersed mercury, pres 
sure needle valve the bottom the for 
the mereury, and calibrated glass capil 
open the top and attached collar 
The 


racius, 


into the top evlinder. 


brated for volume any height above 
fixed reference line 

tested, either dry moist, rolled into 
evlinder about diameter and placed within 
the volumenometer capillary and cap 
screwed into the pressure housing, and the mercury 


tube attached the volumenometer valve. 


Noll Oxford C 


cc/gram 


Twill 


V, 


Vo 


100 


Pressure, psia 


pressuring curves for textile fabrics. 
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reference side the manometer first evacuated 
with stopcock (/7) closed and 
open. When this part the system exhausted 
opened, with (G) and open and 
and (N) closed. 


evacuated, the mercury leveling bulb must 


While the system thus being 


more than em. below valve order pre- 
\fter evacuation, bulb carefully raised until 


volumenometer 


the mercury level near the top the capillary. 
Valves and 


reo] ened, 


are then closed and 


The system now ready for the pressuring opera 
through valve this 


stopped for readings the pressure means 


intervals process is 


the manometer and the height 


mospheric pressure reached, closed and 


nitrogen under pressure into 


relieve the pressure one side the 
More nitrogen then admitted through 
until the gage reads 180 when the pressure 
The total pressure the mercury-sample system 
the sum the imposed gas pressure 
pressure due the column mercury 


from the corresponding 


values 
the cathetometer and calibration curve previously 
prepared for the particular capillary 


data are then plotted pressure 
The tan- 


dp, values are read various 


7 
2 
4 


curves such those shown Figure 


gent, or dil 
This device consists essentially of a pair ot straight 
edges hinged at the center of a protractor for the 
purpose reading the angle slope the 
edges make with each other. The pore-size distri 
outlined earlier 

The final distribution curve vields three types 
useful information concerning pore spaces fabric 
The 


nature that the area under the curve between any 


sample. distribution function such 


two values (pore radius) gives the volume 


pore space for all pores having the 


‘ 
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Nominal yarn no. 
Sample 
Description Filling 
Group 
1 Plain weave 1351 
2 Oxtord 13/1 10.1 
3 Sateen 13.1 10.1 
5 Moditied herringbone twill 131 10.1 
Group II 
Twill, average cotton 13/1 
7 2 1 Twill, 1-in. average cotton 13/1 10.1 
Group 
9 Oxford A 80.2 40/2 
10 Oxford B 80.3 
12 Oxford D 60.3 453 


min 


Permeability water flow cc. through circle 


The area under the whole curve gives 
the total pore volume the maximum value 
Inspection the curve affords 
estimate the median pore radius—the radius cor- 
responding approximately the peak the distri 
the curve shows whether the 


pere volume limited pores narrow range 
of radi values. 

For the porosity determinations 
the samples were first determine their dry 
weight and then conditioned some moisture level 
about over the moisture content desired for the 


additional moisture was added 


compensate for the loss which occurs 


the Control 


experiments were performed obtain data rates 


moisture loss evacuation samples with differ- 


ent initial moisture experi 


ments possible predict fairly accurately the 


the and during the test 

Physical properties the fabric samples investi 
vated were determined the testing 


tor the fabric cal- 


culated from the weight, per unit the 


PROPERTIES SAMPLES INVESTIGATED 


in 50 min. 


clude the maximum weavable number filling varns 
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Thick- Hydrostatic 
(oz./sq. 1/1000 permea- 
, 82 52 9.2 20 2.506 
82 64 10.6 23 2.19 
8&2 53 93 23 5.70 
82 53 9 4 23 7.07 
166 1 6.0 13 1.57 54 1,219 
136 63 8.3 16 1.58 > SO] 
159 64 90 17 65 
142 63 95 18 O.84 OS 397 
140 10.0 1.00 307 
82 39 13.3 25 1.21 30 S46 


pressure, and the density the cotton fiber, ac- 


cording the 


The fiber density values used are those obtained 
the whole fiber mercury reported Wakeham 
Fabric Samples 
Three groups fabric samples were investigated 


Group all were made the same warp 


and filling but with weave patterns. 


each case, the texture was designed 


per inch. 
varns 


The warp varns were and the filling 
Tb. 


cotton average strength 
(about and 


The fab 


strength) 


fineness (about 4.5 


average per 


rics had been 


Group consisted three twill fabrics made 


and (fillings) varns differ 


ent cottons: one average cotton (44 
average strength. The corresponding yarns 


finished fabric had about the same twist 


att 
4 
| 
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TABLE 


Specific 


volume ot 


Sample fabric 

no Description cc. /g 
Group 

Plain weave 1.69 

Oxford 1.70 

5 Sateen 2.04 

Herringbone twill 1.70 

Moditied herringbone twill 1.65 


Group II 


6 2 1 Twill, {-in. average cotton 1.93 
7 2 1 Twill, 1-in. average cotton 1.92 
Twill, coarse cotton 1.94 


Group 


10 Oxtord B 1.57 
11 Oxford C 1.45 
12 Oxtord D 1.47 
Oxford 1.54 
14 Oxford F 1.46 


tiple: for the warp and 4.3 for the filling 
fabrics had been desized 
Group II] fabrics were all Oxtord weaves of dit 


ferent textures and weights and were 


Wilds cotton combed which had been 
weaving. The fabries had 


Results and Discussion 

The results obtained are summarized 

will noted from the pore-space distribution 
curves that large volume space the fabric 
all cases the values are still decreasing 
the radius approaches the measurement 


about 25 


This fact has suggested the arbitrary 

fabrics have supported the 


When 


appreciably smaller than diameter, they are 
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Porosity 


Median 


Intertiber Volume diameter 
free pore intertiber 
volume volume spaces pores 
1.02 0.503 0.52 20 
1.04 0.600 0.44 10.4 
1.37 0.828 14.0 
1.03 0.609 0.42 10.0 
0.98 0.592 0.39 10,2 


1.27 0.770 0.50 13.2 
1.25 0.686 0.57 12.6 
1.27 0.732 0.54 14.8 


O.88 0.440 O.44 26 
0.90 0.477 0.43 10.2 
O.78 O.386 0.40 
0.81 0.386 0.42 5.6 
O.87 0.420 0.45 90 
0.79 0.518 0.28 10.0 


fore, the intertiber pore volume:is that for all pore 
spaces the less than diameter 
The between the total free 
the fabric and the pore volume 
designated the volume view 
the fact that all this investiga 
tion were tight fabrics with practically no obsery 
able pores through the fabric, the intervarn 
volumes shown Table may appear rather 
large. This result due the the 
total 


recall that 


these total free volumes are based 
with 


in. the this pressure the fabric under 
goes only slight compression the 
spaces which are due the surface unevenness the 


The 


within 
parallel to the 


the spaces between pores 


surface well those perpendicular 

These spaces are all filled with mereury 


The 


nometer exerts an initial absolute pressure of about 


the 


sq. the mereury adjacent the fabric 


and, according theory, causes all accessible pores 


5 
7 
| 
ah 
} 
5 
a 


TEXTILE RESEARCH JOURNAL 


— Sateen Sample Length Fineness 


Twill No of Cotton 


@ 


Dir), cc/micron 
D(r), cc/micron 


15 20 10 15 
Pore Radius (r) in Microns Pore Radius (r) in Microns 


Pore-space curves for typical Pore-space distribution curves 
Group and Group fabrics fabrics. 


Ory Fabric 
—-- 25% Moisture 
---=--- 40% Moisture 


Dir), cc/micron 


6 


r) in Nicrons 


10 15 


J Pore Radius (r) in Microns 
Pore-space distribution curves for Group 


of pere spaces showing effect of moisture on size of pore spaces 


a 
| 
| 
rd 
for 2/1 twill 
12x10 
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Interfiber 


Pore Volume 


Total Free 
Volume 


Ai Permeability (cu ft/sq ft /min ) 


10 
Volume of Free Space im cc /g 


Relationships between volume 


pore 


space and 
larger than diameter (27 
filled 


fore, 


radius) 


with The spaces, there 


will not included the volume pore 


The pore-space distribution curves may now 
considered the the detinitions 
above. The curves for ditferent dry fabric 
differences characteristic of the fabric 


weave, tex- 


fiber 


that 


ture, and 


radical 


for example, 


Cemonstrates there are 


Median diameter 


Intertiber pore 
volume 


Fabric 


6 


Condition 


Iwill 
Dry 
Wet* 


Oxford 
Dry 
Wet* 


Oxtord C 
Dry 0.38 
2 


6 
Wet* 0.234 


\pproximately 25% moisture (by weight 


Hydrostatic pressure water the fabric. 


water flow cc. through circle 


MotstuRE ON INTERFIBER PorE Stzt 


of intertiber 
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pore-space distribution between weave, 
sateen, Oxford, and twill, all woven 
tightly possible from the same warp filling 
Obviously, the Oxford and the plain weave 
have smaller pores with pore volume 
the 2/1 These 


responsible for lower air permeability, the data 


sateen twill. are 
Table, indicate. 

The results for Group plotted Figure 
suffi- 


ciently sensitive indicate differences due length 


suggest outlined 


fineness the cotton used 


that, 


and sug 


gest least for twill construction, 


tighter fabric can obtained with longer finer 


cotton used the raw material. This 


should be tested with other weaves, such as the 
Oxford types, which are inherently less porous for 

The median radius pores (diameters 
the predominant pore size the fabric. 
This median measure the central tendency 
the pore which the areas under the 
curves are equal for all higher and all lower 
other words, the volume pores 
larger than the median radius equal the 
volume all pores smaller than the median 
must emphasized that the median (or 
only for the interfiber the median 
radius for all the openings the fabric 
higher. 


somewhat 


has long been recognized that the 


Votumi 


Hydrostatic permeability 
of wet fabric 
\ir permeabilits 
of dry tabric# 


Height? 


Flow § 


> 10,000 


in 50 min 


we 
Ay a ARS 
15 
$ 
% 
pores 
0.770 13.2 5.83 
4 
0.477 10.2 1.58 
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moisture cotton fabric swells the and 
closes, some extent, the 
openings. The porosimeter provides 
method for investigating this the results 


demonstrate. 
These results 


Coes indeed 


moisture 
reduce the interfiber pore volume and 


addition of 
pore The fiber swelling seems effec 
tive with the Group which have been 
treated with 
the 2/1 


moisture contents much higher than 


(Norane) as 
such 


twill 


with which 


treatment. 
weight) give indication liquid 
when the fibers have absorbed about 


moisture. 

This value has been observed other investigations 

being about the limit moisture which untreated 

cotton fibers will take 
The with 

tional information, quantitative relationships 


addi 


permeal ities of the fabric possibly estab 


given Table with the results given Tables 
and 10, and 11, for example, have 
high, and 


(2) total 


low 


space, (3) pore volumes, 
(4+) median pore diameters, 


indicates that fabric lower both 
hydrostatic permeabilities than fabric 10, 


the 


space volume indicates between 


these variables almost independent 


struction investigations are 


JOURNAL 


establish more clearly the these factors 
determining fabric properties. 


Summary 

improved method for studying the nature 
intertiber and interyarn pore spaces textile 
means mercury-pressure porosimeter has 
heen described. have been reported 
which include several common weave 
constructions made the several 
Q)xtords of ditferent and 


has been that the poros 
ity data obtained for different weaves show signifi 
cant differences among these fabrics which 
explain citferences in their air permeabilities. It 
has also been that the water- 
fabrics 


resistant 


exposed to moisture, 


closing the pores the fabrics 
some extent, the passage water and other wetting 
liquids. The results obtained 
relationships exist between pore size and volume on 
the one hand and air and water 
other. 
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Letters the Editor 
Wax Content Maturity Cotton’ 


TEXTILES 
The Clemson Agricultural College 
Clemson, 
August 12, 1949 
To the Editor 
TEXTILE RESEARCH JOURNAL 
Dear Sir: 

The maturity cotton determines large ex- 
tent the general physical properties the fiber and 
its ability its spinnability. 

new concept for the determination maturity 
hased chemical analysis proposed, and experi 
mental tests the method are reported below. 

During growth the cotton fiber develops 
phases: (1) the formation the 
mary wall during the period elongation, and (2) 
lavers inside this preformed primary 
elongation has The primary wall com 
posed pectins, waxes, and small 
from that the secondary wall, which almost 
pure cellulose. 

recognized that the aspects maturity, from 
practical standpoint, are the amount and the struc- 
ture cell-wall material deposited the fiber dur 
ing the secondary communication will 
deal only with the cell-wall material. 


Definition Maturity 


The conventional technical methods measuring 


maturity the percentage fibers considered 
eter, arbitrarily accepted margin between im- 
mature and mature fibers. These determinations 
are made measuring microscopically the cell-wall 
thickness after swelling the fiber alkali, use 
of polarized light, fiber by fiber, or by studying the 
The above methods have been generally 
cepted can easily and quickly carried 

more explicit and comprehensive 


would the quantitative average cell 


Paper presented at the meeting of The Fiber Society, 


April 12, 1949. 


wall material per area the fiber instead 
the percentage thick-walled This over- 
all cell-wall content per area hereinafter 
termed “average 
amount cell-wall material 
perimeter fiber 

This average maturity can determined either 
measuring the exact cell-wall cross-sectional areas 
individual fibers and comparing this area with 
the average measured perimeter, determining 
the weight per unit length relative 

approach this problem from chemical 
angle has been undertaken and includes some gen 
eral aspects maturity well the 


Theoretical Basis 


theoretically possible express directly the 
amount cell-wall material relation perimeter 
chemical terms relating the total 
special chemical compounds 
the primary (as indicative perimeter). 
Waxes and pectins the primary wall are suitable 
substances for reference. assumption was made 
that the amount wax the primary wall pro 
portional to the wall surface, and that the total 
amount does change throughout the secondary 
growing period any given variety. 

these assumptions are valid, the average matu 
rity can readily expressed relating the varying 
amounts wall substances the constant quantity 
wax the primary wall follows 
cell-wall material 
\verage maturity 

perimeter 
cell-wall material 
primary-wall substance 


cell-wall material 
Wax 


percentage total fiber. 


\realometer readings can used for this purpose only 
conditions, not discussed here 
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2.0 
x 9 
DAYS 
4-2 percentage vs. time. 
wax percentage vs. time days 
flowering 025 
Therefore, it follows from the above theoretical con DAYS 
sideration that linear relationship would Reciprecal wax percentage vs. 
tween average maturity and reciprocal wax percent- after flowering different and 


° ariety C ORV) uds. 
percentage the total amount material, will 
constantly lowered due ever-increasing 


amount cell-wall material the cotton 


Matures. 


Experimental Results 


In order to test the above conceptions experi “4 
variety cotton picked biological ages 
were used for the investigation. 
that the cell-wall material deposited constant 
rate the main period secondary 
0.60 
then follows that the amount material 
the reciprocal wax content indeed meas 
linear relationship the age the PERCENTAGE MATURITY 
rings, which are assumed here contain constant amount centage) percentage maturity determined con 
of cellulose entional method: percentage of mature fibers) 


| 
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WAX 


Percentage maturity 
Maturity 


Sample identity Fineness t Caustic maturity over-all 100 
Variety Growth P.M.A color 

Lockett 140 Chillicothe, Tex 93 90 93 228 
Mebane 146 College Station, Tex. 5.4 S84 &6 86 235 
Mechano No. 2 Chillicothe, Tex. 4.6 82 81 82 166 
Acala 4-42 College Station, Tex. 3.8 79 78 78 153 
Hoover B 286404¢ El Paso, Tex. 20 20 65 


*Samples and maturity data were furnished the Southern Regional Research Laboratory. samples were largely 
from residues from spinning tests furnished the Southern Laboratory through the kindness of Dr. John W. Wright, Cotton 
Branch, Production and Marketing Administration, Department were determined the 
Southern Laboratory the conventional caustic soda method, and from the over-all color 
approximately suggested Goldthwait, Smith, and Barnett 

Not varietal 


resulting in differential dveing 
Micronaire fineness determinations 


Curve Figure the percentage found reference sample such the fully matured 


every days, starting from exactly days 


flowering, which time the secondary growth has Results for Different Varieties 
approximately begun. Curve Figure Having shown the 


resents the wax percentages also plotted maturity and reciprocal wax content for each 
against the age the fiber, and shows complete separate material, value compare the results 
linear would expected from for different varieties. the wax 


above theoretical conclusions. curves for the Upland 


tween reciprocal wax content and age was found shown Figure being 
all other varieties investigated. practically parallel each other but showing 


The cirect relationship shown will permit express shifts along the age 
ing quantitatively the degree maturity sample Some important conclusions may drawn from 


compared standard, mature sample these results. parallelism the curves 
the same material the ratio their would indicate that all different varieties would have 
follows the same “basic wax content and also the same 

rate cell-wall deposition during growth 


either these above conditions had not been ful 


reciprocal Wax content in sample tested tilled, the curves would have different slopes.+ ‘- 
reciprocal wax content fully mature sample The shift the curves along the horizontal 
wax mature sample means only that the moment when growth 


shown Figure 2). 


cell-wall content) are desired instead the relative 


degree maturity above, these may calculated 


Basic” wax designates the amount of wax in the pri 


multiplying the average maturity ratio mary wall per wiit perimeter 
will necessary accept indication ferent ratio cell-wall formation each variety, the 
maturity maturity chance similar change these two properties occurring 
will always relative property variety investigated seems unlikely 
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The actual curves obtained for the vari- 
eties being parallel indicates 
identical wax content and rate cell-wall 


deposition. One common wax content 
practical importance because will the cal 
culation maturity for ditferent varieties one 
standard value for fully mature case 


ditferent wax contents, ditferent reference 


standards would have introduced. 


Influence Environmental Conditions 


not vet known what extent growth condi 
tions vears and locations 
basic wax content; case such 
exist, different standards, of course, would be neces 
Further investigation will ques- 
the rate cell-wall deposition, the other hand, 
will mean actual changes resulting maturity and 
such are the very properties determined 


the method. 


Comparison Average and Percentage Maturity 


can expected that close relationship 
exist between average maturity, studied here, and 
percentage maturity, specified the conventional 
methods measuring maturity the 
this letter. This 
tained experimentally comparing the reciprocal 


content and the percentage maturity group 
different This group included 
valuable cottons from the Southern Regional 
search Laboratory, Cotton Finishing 
vision, for which the percentage maturity 
different Table 
maturities 


methods. (col 


the last column gives the average maturity 


umns 
content) obtained the present 
can seen that the samples cotton are ranked 
the average maturity values exactly the same 


The 


percentage 


relationship between the average and 


maturities expressed the curve Figure 
can seen Figure that the part 
the curve almost linear relationship exists 
tween the two, but the lower and higher ranges 
ordi 


the curve tends toward the average 


TEXTILE JOURNAL 
correlation curve was obtained using 
great number commercial Upland 
had already been determined the con- 
method.* using such experimental 
correlation curves it would be possible to convert 
average maturity into percentage maturity and vice 


Prospects Developing New Methods for 
Practical Determination Average 
Maturity 


The special relationship between wax content and 
average maturity established these studies will 
itself be of considerable imterest 1m dealing with all 
kinds problems maturity. 

The method used this study may applied 
without any alteration laboratory 
research purposes where the cell-wall content 


Conrad (as was used here), possible 
mine the wax content very 
cate and determinations the values differed 
only few percents, and according private 
communication from the Bureau Plant Industries 
will possible determine the percentage 


weighing, and, moreover, that the 
of cell-wall content. the corresponding decrease ot 
percentage becomes smaller and smaller. 
Although not the intention this letter 
maturity, the question arises whether not 
the results obtained would possible 
develop new practical might pos 
sible adapt the wax method above 
practical use or, alternatively, 
the pectins perhaps other substances, 
which might require less the pos 
simplification the methods chem 
ical physical means 
Very truly 


furnished Cotton Branch, Pro- 


*Samples were kindly 
duction 
\ericulture 
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INDUSTRIAL SECTION 


Luster and 
George Buck, and Frank 


Introduction 


Much the research the textile industry has 
heen directed toward improvements 
ness textile products and lowering 


costs. 


have benefited emphasis functional 
properties and Too often, 


however, consumer demand for fabrics measured 


production economy. 


simply the basis quality and cost, without full 
characteristics “consumer appeal.” 
many textile applications, particularly house 
hold and apparel uses, more less intangible fabric 
characteristics 


luster, and 


such hand, texture, 


qualities launderability, soil 


warmth. 


Luster one the major, non-functional appeal 
complete measurement, one for which there 
strong quality that regarded with 
various degrees favor the consumer, depend 
ing its brightness, the fiber with which asso 
ciated, and the specific use each textile 
implying the highest quality silk 
finest wools and cottons, luster the early artificial 
fibers carried suggestion inferiority most 
functional properties. “Today, demand for luster 
largely its attractive appearance fabrics, 
the brighter colors of lustrous textiles, and the con 

the second series studies dealing with 
various qualities cotton being prepared the National 
Cotton Couneil America. The first, “Crease-Resistance 
Cotton,” appeared the April, 1949, 

Technical Service Director, National Cotton Council 
America, 

Market Research Director, National Cotton 
\merica, Memphis, Tennessee 


trast with duller fabrics 
greater freedom 

For more than cotton has been mercer 
ized for added luster. the finer, long-staple 
mercerized, the 
subdued luster natural silk. But satisfaction 
the demand for this luster cotton, and for 


cottons, when 


desirable 


even brighter yarns and fabrics, awaits the develop 
ment better and more economical luster finishes. 
The cotton market the only market any 
importance for such finish, but the volume cot 
vites the thoughtful consideration all who are 
interested in textile developments. 

luster development, the cotton textile industry 
presents almost unique opportunity for research. 
very large market dependent the answer 
problem, the solution which seems not only feas- 
ible, but which there are number promising 
approaches. This study, which measures the mar 
ket demand for luster cotton -goods 
the technical background the subject, has been 
prepared for persons and organizations who may 
interested the opportunity sets forth. 


Part I—Market Prospects 


Basis for Estimates 


Cotton and fabrics provide the only impor 
tant outlet for textile luster finish because cotton 
accounts for more than the total consump- 
tion apparel-type fibers the United States and 
because the synthetic fibers and silk have inherent 
qualities luster. Usually, high degree luster 
not desirable uses where wool consumed. 
addition offering the largest market for luster 


finish, the demand for luster cotton stronger 
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than other fibers because luster 
always implied quality, and because 
would permit wider application highly 
durability, and comfort. 

Both expressed and implied preferences con 
sumers have been taken into consideration meas- 
uring the size the market for luster finish 
Consumer practices studied 
through retail outlets over a period ot 8 years pro- 
vided much information textile 
made before the size any market can esti 
mated; therefore, the actual market available for 
luster finish cotton will differ from the estimated 
market the actual conditions 
assumed. 

The first assumption that necessary desirable 
functional qualities cotton each particular use 
does not mean that other qualities cotton 
linings, for example, launderability 
could sacrificed because they are 
qualities those however, the 
sacrifice either launderability absorbency might 
from luster finish. 

Cost price relationships between 
other fibers are assumed the same 
prevailing during the summer 
tions in the prices of synthetic fibers, relative to the 
price cotton, will necessarily influence the market 
estimates development new svn 
thetics should have little effect the market 
mates, partly because such fibers are slow reach 
improvements the synthetic fibers now avail 
able are anticipated which would make signifi 
cant change the estimates, since 
the synthetics now available can 
high luster. 

The assumption was made 
would available any desired degree luster 
adequately fill the demands particular 
duced trom dull the luster the svn 


thetic there will obviously cotton available for 
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each use luster only half 
that amount luster can developed, cotton prod 
ucts may still sufficient gloss for some 
crease the cottons will find 

the assumption was made that adequate 
advertising and merchandising promotions would 
available for the full development the market for 
luster finish cottons. While there 
mediate and recognized demand for higher luster 
cottons many uses, other markets fully 
developed only through consumer 
quality that appeals consumers, but many 
cases dull and fabrics have been traditionally 
used, and demonstrated that the new 
lustrous cottons are high those 
the consumer. 


Sise of the Market 


The market for luster finish cotton goods 
the total volume textiles uses which, know 
ingly unknowingly, the consumer desires luster. 
These uses are now filled partly cotton and partly 
by other fibers. 

the markets which cotton holds, some mercer 
ized cotton used provide higher luster, but 
terms the total volume such uses the amount 
mercerized cotton relatively cost 
mercerizing process, together with limitations 
the amount luster which can achieved from 
this process. The market for luster finish uses 
now tilled by cotton, therefore, can be considered 
210 million Ibs. listed Table 

The synthetics are among the fibers than 
Table which luster these uses 
some bright and semi-bright fibers and also some 
delustered artificial fibers are used. The acceptance 
dull synthetics particular use, however, has 
that dull synthetic may simply 
hecause necessary imitate the appearance 
cotton, While cotton that use may still preferred 
with higher 

The degree luster desired cotton varies with 


the such ski suits, bathing suits, and 
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ANNUAL PoTENTIAL MARKET FOR FINISHES FABRICS AND YARNS 
Estimated total 
Estimated total consumption Estimated total 
consumption materials other consumption 
cotton materials than cotton in all materials in 
in uses in which uses in which uses in which 
luster is desirablet luster is desirable luster is desirablet 
1,000 1,000 1,000 1,000 1,000 1,000 
sq. vds. sq. sq. vds. Ib. 
and Boys’ Apparel 
Coats and jackets 
Separate coats 2,370 12,940 15,310 
Coat and jacket linings (all types except 
blanket or sheep-lined ) 6,830 70,300 77,130 
Gloves, dress 220 5,680 5,900 
Handerkerchiets 22,500 3,000 25,500 
Hosiery 
Dress and semi-dress 11,670 12,130 23,800 
Slack socks 11,190 21,140 
Pajamas and nightshirts 100,000 104,000 
Rainwear 5,700 370 6,070 
Shirts 
Dress 355,000 14,000 369,000 
Polo, tennis, and basque 48,240 2,540 50,780 
Sport 72,000 70,000 142,000 
Suits 
Dress 6,340 120,630 126,970 
Linings 26,880 26,880 
Sweaters 870 16,550 17,420 
lies 240 24,000 
Trousers, dress and sport 22,000 102,000 124,000 
Underwear 
20,350 190 20,540 
Shirts and drawers, woven 9 400 30 9.450 
Shorts, knit 6,180 0 6,180 
Washable service apparel 31,000 31,000 
Women's, Misses’, and Juniors’ Apparel 
\prons and 
\prons 21,800 5.110 206,910 
27,700 700 28,400 
3,920 6,560 10,480 
Blouses, waists, and shirts 17,000 104,000 121,000 
Coats and jackets 13,270 106,120 
Coat and jacket 3,100 102,900 
Dresses 
147,000 52,000 199,000 
Street 39,000 315,000 354,000 
Foundation garments 
Brassieres and bandeaux 19,100 23,300 400 
Corsets, girdles, and belts 7,400 9100 16,500 
Gloves, dress and semi-dress 1,300 1,850 2,000 3,100 


Estimates based 1947 production apparel and household and industrial items. 

The items which luster important were taken from list uses which accounted for approximately the total 
annual consumption cotton during the period there are available tabulations show the consumption 
cotton hundreds smaller uses which represent the additional consumption, reasonable assume that 
luster finishes are desirable in many of these small uses. Furthermore, a luster finish may be desirable in small segments of some 
of the larger markets not included in this tabulation, but enough statistical information is not available to permit breakdowns to 
show such markets. For example, surveys by a manufacturer of work clothing indicate that consumers desire luster in matching 
sets of work trousers and shirts and that they are willing to pay higher price to obtain garments with luster This segment of the 
work clothing market has not been included, however, because of inadequate statistical data on the quantity of fabrics consumed 
matching trouser-and-shirt sets 


Total consumption fabric and uses which are important market outlets for cotton 
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(Continued) 
Estimated total 
Estimated total consumption Estimated total 
consumption materials other consumption 
cotton materials than cotton all materials 
uses which uses which uses which 
oe luster is desirablet luster is desirable luster is desirablet 
1,000 1,000 1,000 1,000 1,000 
Use sq. Ib. sq. vds Ib. sq. vds. Ib. 
Women's, and Juniors’ Apparel (Continued) 
Hosiery 
Full-fashioned 400 61,100 61,500 
Seamless 4,830 10,460 15,290 
Anklets 7,080 1,250 
Housecoats 1,990 2,390 
Negligees 117 4,290 
Pajamas, bedjackets, and nightgowns 83,000 62,000 145,000 
Rainwear 2,500 7,300 9.800 
Skirts 4,700 61,100 65,800 
Sportswear 
Bathing suits 2,100 0 2,900 700 5,000 700 
Slack suits 200 4,200 
Slacks 12,000 16,000 
Suits and ensembles 60,000 61,700 
Suit linings 24,400 24,400 
Sweaters and jerseys 7,900 7,900 
Underwear 
Panties, drawers, bloomers 0 1,140 1,140 
Panties, vests, and bloomers ¢ 11,300 34,540 $5,840 
Slips and petticoats 18,000 900 172,000 5,400 190,000 6,360 
Washable service apparel 
Potal $31,407 26,360 1,135,550 123,410 1,566,957 119,770 
and Infants’ Apparel 
Coats and jackets 1,930 24,470 
Coat and jacket linings 12,440 20,740 
Dresses 64,000 16,000 
Hosiery —Anklets 5,400 290 5,690 
Other 6,310 1,580 7,890 
Plavsuits 16,000 S00 16,500 
Suits and skirts 
Suits (except ski, snow; including wash 11,500 1,700 13,200 
Skirts 1,140 5,650 
Linings 
Underwear drawers, and bloomers 1,450 5,570 
Slips and petticoats 6,930 2,920 9 R50 
Waist suits and wrappers 350 
Household 
Bedspreads 81,000 15,000 96,000 
Bed ticking 96,730 
Blankets and blanketing 80,500 153,200 233,700 
, Curtains, drapes, and upholstery * 284,000 153,000 $37,000 
eo Rugs and bath mats — Bath mats and sets 13,000 0 13,000 
Rugs and carpets 20,000 201,630 221,630 
Sheets 545,000 3,600 548,600 
Pablecloths and napkins 62,000 15,000 77,000 
Chread for domestic use 17,700 930 18,630 
huck and damask 25,800 25,800 
Potal 264,030 30,700 340,200 202,560 1,604,230 253,200 
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Estimated total 
consumption 
cotton materials 
uses which 
luster desirablet 


1949 
1,000 
Use sq. vds. 
Industrial Uses 
Casket linings 37,250 
Flags 250 
linings 
Linings 66,160 
Umbrellas $,000 


Woven labels 


110,080 


GRAND TOTAL (sq. 


? 666,917 


snow suits are often preferred with high luster 
sheen. dress shirts, handkerchiefs, and simi 
lar items are greatest demand with subdued 
luster. Even particular use, different degrees 
luster may desirable. For example, some men 
would like shirts with the luster silk they could 
assured cotton’s qualities; other men would 
resist any change from the traditional dull slightly 
lustrous shirts which they have been accustomed. 

apparel uses, where changes buying habits occur 
preferences for the dressy appearance 
lustrous textiles are already apparent. trends 
can quickly develop the latent desire for 
all these textile 


more readily with cotton 


other apparel uses. 
uses, luster will accepted 
than with other because the strong prefer 
ence for cotton’s functional qualities. 

From Table apparent that the application 
luster finish cotton would permit the wider use 
cotton markets now held other fibers. These 
uses total some sq. an- 
nually and 373,610,000 Ibs. yarn. many cases 
luster not the only factor responsible for the hold 
which other fibers have these markets, but the 
total yds. fabric and 


sumption all materials which luster 
able) must still recognized the maximum po- 
tential for luster finish cotton materials. 


(Continued 


Estimated total 
consumption 
materials other 
than cotton in 
uses in which 


Estimated total 
consumption 
all materials 
uses which 


luster is desirable luster is desirable} 


1,000 1,000 1,000 1,000 1,000 
sq. yds. sq. vds 
86,920 124,170 
750 3,000 
2,380 
4,700 310 5,010 
33,840 100,000 
12,000 16,000 
240 200 440 
135,890 510 245,970 5,450 
2,125,950 
210,040 583,650 


The development high luster cottons will 
result the immediate replacement other fibers 
for 
for napkins and 
drapery, and upholstery, bright synthetic fiber 


which are used 


frequently used either warp filling 
lustrous floats can formed that will produce the 
damask designs. use synthetic yarns gen- 
erally lowers the functional qualities these fabrics, 
sacrificing launderability, durability, and dimensional 
Such 


mediate ‘markets for high-lustered cotton yarns. 


stability. uses would constitute strong, 

other cases, increases the size the market 
for high-luster cottons depend added luster and 
one more other quality changes 
suit linings, the important qualities are the func 
tional quality slipperiness and the appeal quality 
luster. High luster would make cotton more 
popular suit linings than present, but full ex- 
pansion into this market would limited unless 


the quality slipperiness were also added. 


Influence Quality and Price 


mechanical chemical processing directed toward 


any 


modification specific textile property will also 
modify some manner other properties. 
lary this that any change the characteristics 
textile fabric will influence its acceptability 


least some applications. 
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TABLE MARKET FOR LUSTER FINISHES FABRICS AND YARNS, 


Potential market for luster cotton 
and unit cost luster finish is: 
Use 1,000 units increase 10¢ 

Youths’, and Boys’ Apparel 
Coats and coats sq. vds. 2,370 1,500 
Linings (except blanket and sheep-lined sq. 6,830 6,830 6,000 
Gloves, dress sq. 220 220 200 150 
Handkerchiefs sq. vds 22,500 15,000 
Hosier, Dress and semi-dress Ib. 11,670 O70 11,670 11,670 
Slack socks Ib. 11,190 10,000 
Pajamas and nightshirts sq. vds 100,000 5,000 30,000 12,000 
Rainwear sq. vds. 5,000 1,500 
Shirts Dress 200,000 100,000 50,000 
Polo, tennis, and basque Ib. 48, 35,000 20,000 10,000 
6,340 6,000 5,000 
Linings sq. vds 0 0 0 0 
Sweaters Ib. 700 
sq. vds. 240 240 240 240 
Dress and sport sq. 2,000 20,000 
Underwear —Athletic shirts Ib. 350 18,000 000 500 
Shirts and drawers sq. 400 000 
Washable service apparel sq. vds 25,000 000 


Suits Dress : sq. vds. 


Ib.) 500 82.910 2.470 370 


Women's, Misses’, and Juniors’ Apparel 


Uniforms yds. 25,000 000 

Bathrobes 220 3,920 3.750 000 
Coats and jackets 13,000 000 
Coat and jacket linings .¥ds. 100 3,100 100 3,100 
Street .vds 000 39,000 39 000° 35,000 
Foundation and bandeaux 19,100 000 
Corsets, girdles, and belts 400 

Hosiery Ib. 100 100 400 

Anklets 000 5,000 
Housecoats sq. 1,800 1,000 
Negligees sq. vds 117 117 117 117 
Pajamas, bedjackets, and sq. 70,000 40,000 
Skirts sq. vads. 4,700 300 4,000 
suits sq. 2,000 1,500 750 

Slack suits 200 200 200 200 

Suits and ensembles sq. vds. 700 1,700 1,500 1,000 
Suit linings sq. vds i) 0 0 0 


Estimates based opinions, formed over 8-vear period continuing studies and evaluations competitive 
position uses, the importance luster treatments for each use relation competing materials, consumer demand, and 
prices. estimates should considered indication the approximate quantity cotton materials which luster 
finish desirable costs Under condition, should the estimates considered prediction the quantity 
cotton materials which will tinished with luster treatment prices shown. Other variable factors, such influence 
luster finish on absorbency, may largely determine the quantity of finished goods irrespective of prices. 
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Potential market for luster cotton fabrics 
and varns if unit cost of luster tinish is: 


Women's, Misses’, and Juniors’ Apparel (Continued) 
Sweaters and jerseys ; 0 0 0 0 
Underwear —-Panties, drawers, bloomers Woven 0 0 0 0 
Panties, vests, bloomers — Knit 300 11,300 11,000 10,000 
Slips and Knit 900 900 800 700 
Woven 18,000 500 15,000 
Washable service apparel 3310 3,000 800 1,200 


Potal sq. vds 386,037 13,667 5,067 


Children’s and Infants’ Apparel 


Coats and jackets . 930 1,000 700 200 
Coat and jacket linings 440 10,000 8,000 
Other 310 6,000 000 000 
Nightwear —Knit 360 8,000 000 000 
Woven 15,000 500 500 

Plavsuits 000 12,000 000 500 
Suits and skirts—Suits 500 10,000 7,500 5,000 
Skirts 1,000 800 600 

Underwear -Panties, drawers, and bloomers 120 4,000 3,000 000 
Slips and petticoats 930 6,000 5,000 000 

Waist suits and wrappers 350 300 200 100 


Ib 29,540 23,300 13,700 & 600 


Household 


Bedspreads &1,000 75,000 45,000 20,000 
Bed ticking 40,000 20,000 10,000 
Blankets and blanketing ' 80,500 70,000 50,000 40,000 
Curtains, drapery, upholstery, and tapestry : , 284,000 225,000 175,000 100,000 
Pillowcases 89,000 65,000 35,000 10,000 
Rugs mats and sets 13,000 10,000 7,500 2,500 

Rugs and carpets 20,000 12,500 9.000 5,000 
Sheets 345,000 250,000 150,000 50,000 
Fablecloths and napkins 62,000 30,000 30,000 18,000 
Thread for domestic use , 17,700 17,000 15,000 12,000 
Powells, huck and damask 25,800 22,500 20,000 15,000 


(sq. 1,264,030 525, 263,000 
Ib. 50,700 500 3 19,500 


Industrial Uses 

Casket linings 7. $5,000 20,000 15,000 

Flags 000 1,500 1,000 

Luggage 200 100 

Linings 66,160 60,000 40,000 20,000 


Umbrellas 4,000 3,000 
Woven labels 240 240 200 100 


(sq. 110,080 101,400 64,700 38,600 


Ib.) 4,940 3,200 
GRAND TOTAL (sq. vds 2,666,917 1,898,437 1,264,307 739,457 
lb. 210,040 176,230 135.720 99 020 
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TABLE INCREASE FOR Corron 


Use 


Coats and coats 
Linings (except blanket and sheep-lined 
Gloves, dress 
Hosiery —Dress and semi-dress 
Slack socks 
Pajamas and nightshirts 
Rainwear 
Polo, tennis, and basque 
Sport 
Linings 
Sweaters 
dress and sport 
shirts 
Shirts and drawers 
Shorts, woven 
Shorts, knit 
Washable service apparel 


(sq. 


Women's, Misses 


Juniors’ Apparel 
Unitorms 
Bathrobes 
Blouses 
Coats and jackets 
Coat and jacket linings 
Dresses — House 
Street 


Foundation garments-—Brassieres and bandeaux 
Corsets, girdles, and belts 


Gloves -Woven 
Knit 
Handkerchiefs 
Hosiery Full-fashioned 
Seamless 
Anklets 
Housecoats 
Negligees 
Pajamas, and nightgowns 
Rainwear 
Skirts 
Knit 
Slack suits 
Slacks 
Suits and ensembles 
Suit linings 


1,000 units 


sq. vds. 
sq. vds 
sq. yds. 
aq. yds 
Ib. 
sq. 
Sq. vds. 
sq. vds. 
sq. 
vds. 
sq. vds 
lb. 
sq. yds. 
sq. vds. 
sq. yds. 
sq. 


Ib. 


vds. 


sq. yds 
sq vds 
sq. 
sq. vds. 
sq. 
sq. vds. 
sq. 
sq. yds 
sq. 
vds 
sq. yds 
sq. 
sq. 
sq. 
sq. yds. 
sq. vds. 
sq vds. 
sq. vds. 
sq vds. 
vds. 


sq vds. 


Increase potential market unit cost 


No increase 


12,940 
70,300 
12,130 
730 
14,000 
2,540 
70,000 
120,630 
26,880 
16,550 
23,760 
102,000 
190 

220 

0 


41,360 


5,110 
6,560 
104,000 
106,120 
99,800 
52.000 


9.100 
1,800 
2,000 
500 
61,100 
10,460 
1,250 
400 
4,290 
62,000 
7,300 
61,100 
2,900 
700 
4,000 
12,000 
60,000 
24,400 


AND YARNS, RESULTING FROM 
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of luster finish is: 


12,940 
70,000 
5.000 
3,000 
12,130 
9,950 
4,000 
300 
12,000 
2,500 
70,000 
120,000 
26,800 
16,500 
23,700 
100,000 
190 

50 

220 

0 

0 


448,010 
41,270 


3,000 
700 
6,560 
104,000 
106,000 
99 000 
2,000 
3,000 
3,000 
9,000 
1,800 
000 
500 
61,000 
10,000 
1,200 
100 
4,200 
62,000 
7.000 
60,000 
500 
700 
4,000 
12,000 
60,000 
24,000 


Se 


12,000 
50,000 
3,000 
2,500 
12,130 
9000 
3,000 
200 
9.000 
2,000 
65,000 
100,000 
25,000 
15,000 
20,000 
75,000 


2,500 
600 
6,000 
100,000 
100,000 
80,000 
$5,000 
300,000 
20,000 
1,500 
1,500 
100 
61,000 
§,000 
1,000 
200 
4,000 
50,000 
5,000 
10,000 
2,000 
600 
3,000 
9,000 
30,000 
20,000 


\PPLICATION 


10¢ 


10,000 
25,000 
2,000 
2,000 
12,130 
2,000 
100 
500 
50,000 
50,000 
18,000 
12.500 
15,000 
100 

100 


219,200 


33.730 


1,000 
500 
5,000 
80,000 
90,000 
60,000 
30,000 
250,000 
18,000 
6,500 
750 

750 

300 
50,000 
5,000 
800 

100 
3,000 
40,000 
000 
000 
500 
2,000 
6,000 
35,000 
14,000 


tw 


Estimates are based opinions, formed over period continuing studies and evaluations competitive 


position by end uses, on the importance of luster finishes for each use in relation to competing materials, consumer demands, and 


price. estimates indicate the extent which the per unit cost cotton fabries varns could increased through applica- 


tion luster without placing cotton price disadvantage relative competing materials 


finish, 


Phe estimates are subject 


the conditions outlined the text the article, and should not used prediction the market for any particular luster 
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Increase potential market unit cost 
of luster finish is: 
and Juniors’ Apparel (Continued 
Sweaters and jerseys Ib. 7,900 7,500 7,000 6,000 
Panties, drawers, sq. 1,140 1,100 1,000 750 
Panties, vests, and Ib. 20,000 
Slips and petticoats Knit 5,000 
Woven sq. yds 172,000 170,000 125,000 75,000 
Washable service apparel sq. vds x0 x0 30 0 
(sq. 1,135,550 1,129,790 973,230 746,900 
Ib. 123,410 121,400 114,100 85,550 
Children’s and Infants’ Apparel 
Coats and jackets sq. yds 24,470 24,000 18,000 14,000 
Coat and jacket linings sq. 8,000 5,000 
Dresses sq. vds. 16,000 16,000 14,000 10,000 
Hosier, Anklets Ib. 290 290 250 200 
Other Ib. 1,580 1,500 1,250 1,000 
Nightwear —Knit Ib. 2.300 2 300 1,250 900 
Suits and skirts — Suits sq. vds. 1,700 1.500 1,200 S00 ea 
Skirts sq. yds 2,750 1,800 
sq. vds 1,800 1,000 
Underwear — Panties, drawers, and bloomers Ih 1,450 1,400 1,000 700 BS 
Slips and petticoats sq. vds 2,920 2,900 2,250 1,700 
Potal sq. vds. 60,480 38.6080 46,800 34,380 
Household Use 
Bedspreads sq. 15,000 10,000 
Bed ticking sq. vds 0 0 0 0 ' 
Blankets and blanketing 153,200 150,000 100,000 75,000 
Curtains, drap ry, upholstery, tapestry sq vds 153,300 153,000 120,000 100,000 
sq. 100 100 300 
Rugs —Bath mats and sets Ib. 0 0 0 0 
Rugs and carpets Ib 201,630 201,600 175,000 100,000 
Sheets sq. vds. 3,600 3,000 3,600 3,000 
Pablecloths and napkins aq. vds 15,000 15,000 12,500 10,000 
Thread for domestic use Ib 930 900 800 700 
(sq. vds 340,500 337,000 246,500 193,300 
Ib 202,560 202,500 175,800 100,700 
Industrial Uses 
Casket linings sq. 86,000 60,000 35,000 
Flags sq. vds. 750 750 700 500 
Luggaue sq. yds 2,380 2.300 2.000 1,500 
Shoes Laces Ib. 310 275 200 150 
Linings sq. vds. 33,840 33,000 20,000 15,000 
Umbrellas sq. yds 12,000 12,000 6,000 
Woven labels Ib. 200 200 100 
Potal (sq. vds 135,890 134,050 91,700 58,000 
Ib 310 475 300 200 
GRAND TOTAL (sq. vds 2,126,250 2,107,530 1,723,215 1,251,780 
Ib 373,610 371,225 331,280 223,005 
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The chances are fairly that finish could 
developed for cotton that would significantly in- 
crease its luster and the same time 
other properties the fiber and fabric 
the fabric, but may 
but also increases the strength and makes 
them more absorptive water, 
Luster finishes could improve soil resistance, drape, 
other qualities cotton and thus expand 
the potential market bevond the volume indicated 
Table 


ties that might accompany the development luster 


the other hand, changes quali 


could harmful enough certain uses seriously 
reduce the potential market for particular finish. 
cotton goods, the usetulness luster finish 
would sharply limited were not the durable 
durability, would decrease the useful 
ness luster finish many present 
markets. Changes other properties would affect 
entirely overcome the advantages higher luster 
B—Price. 
market for luster finish cotton 
Table 


extremely sensitive any increase while 


The influence price the potential 
will noted that some markets are 


others are estimated carry nearly the same 
creased cost per Table provide 
partial measure the consumer 
for luster the uses listed. table gives 
no clue to the degree of luster desired, nor Coes it 


give warning what other qualities must not 
the demand terms cost the luster with 
the assumption that the degree 
the cotton fabric varn remain unchanged. 

Table like Table shows only the influence 
price—in this case, the price potential 
increases in the use of cotton at the expense of other 
fibers. many cases qualities other luster 
potential markets shown the four cost levels can 
the principal reason for use 


cotton, large proportion the potential market 
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increase shown may gained cotton with suit 
able luster 

The use Tables and for estimating the 
demand for luster markets and for show- 
ing the influence of price can best be illustrated by 
kets, and should not assumed that these uses 
represent more important than others not 
thus fully 


Dress and Semi-Dress Hosiery 


Table lists 11,670,000 Ibs. cotton this use, 
with Ibs. other fibers being consumed 
the same shows that the cost the 
luster finish yarns does not decrease the 
demand for higher luster cotton for this use even 
that present mercerized cottons will 
cient part this market, but higher 
the body varns of socks is desired by many con 
sumers dressy holds about 
the volume competing fibers use, 
principally the basis high luster, 
ness and other qualities being lesser considerations 
fibers used dress hosiery 
indicates potential market into which cotton might 
expand, thus enlarging the 
cotton the Ths. cotton now used 
Assuming that finish were giving cotton 
any desirable degree of luster, cotton could be ex 
pected replace most the market 
Inroads the remainder this market which 
held other fibers such wool and nylon would 
much smaller since these fibers 
tions largely the basis qualities than 


luster. 


Hosiery 


This market contrasts sharply with the market 
dress hosiery discussed above. 
market for higher cotton luster this use 
large 10¢ per pound increased cost 
the demand for 


cost. 


this use, indicating potential 
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more lustrous cottons could expand, and shows this 
total have dropped only 50,000,000 Ibs. 10¢ 
per pound increased cost. however, the 
would very small, since far the most important 
quality sheerness rather than luster. 


Dress Shirts 


desirable the total volume cotton used for men’s 
dress shirts, but Table shows that this demand 
falls off rather sharply as the cost of the finish in- 
market by replacement of other fibers is obviously 
small, being limited 14,000,000 sq. 
expansion will actually considerably less than the 
yds. indicated, since part this market 
held wool the basis qualities other than 
luster. 


Sheets 


Like the men’s dress shirt market, the sheet mar 
other fibers. The demand for luster per 
but even 10¢ per vard increase quality 
demand estimated exist for 


Rainwear 


The women’s, and juniors’ markets 
whole offer the strongest potential for luster finish 
cost these markets amount nearly quarter 
billion vards. The women’s rainwear market exem- 
plifies many these uses, the demand for luster 
10¢ per vard added excellent 
prospects exist for expansion 


held other largely the basis luster. 
Curtains, Drapery, Upholstery, Tapestry 


strongest market for luster finish cotton, 
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10¢ per added cost the demand esti 
mated 100,000,000 sq. vds., and the same cost 
prospects exist for sizable expansions into 
fibers. 


Uses which luster desirable textile quality 
total nearly 5,000,000,000 sq. yds. fabric annually 
and approximately 600,000,000 varn (Figures 
many uses the demand for 
cotton strong, that even cost increase 
per square fabric and per pound 
there exists potential market about 
for higher luster cottons, per pound 
increased cost and considering only the 
cotton now used, amounts about 
vds. fabric and 100,000,000 varn annually 
(Table IT). 

The full market for luster finish on. cotton esti 
mated Figures and can realized only 
(1) degree luster equal the requirements 
each use realized; (2) the luster durable 
and not and fabric prop 
erties particular use; and (3) the sales promo 
for the development some 
markets obtained. The proportion 
demand for luster that any finish de- 
pends therefore its ability fulfill these three 

The market for luster, besides being one the 
largest and strongest for finish cotton, offers 
number unusual incentives for research and de- 
velopment finish that increases luster only 
moderately find large market, especially 
both and and each case the demand 
many cases, markets are available 
mediately, with advertising promotional effort 
great many the uses are 


per square and per pound 


Part Aspects 
Foreword 


the following review the technical aspects 
textile luster attempt has been made include 


the essence available factual material the sub- 


ject and the same time condense simplify 


ts 
4 
Ate ; 
if 
Amerie 
net 


726 


the entire discussion much possible. some 
cases—mercerizing, for example—it has been neces- 
sary condense few paragraphs subject upon 
which several volumes have been 
necessary brevity treatment several the more 
complicated controversial points may overcome 
consulting the literature sources appended each 
section. 

The important point about the subject textile 
luster, far cotton concerned, that there 
still much learned which may pave the way 
for the development luster finishes quality 
significantly better than those now 
hoped that enough material has been provided 
this report stir the interest scientists and the 
same time enlist the support executives the 
chemical and textile industries. 


Nature and Origin Textile Luster 
Luster textiles form light reflection orig- 


inating the fibers that make varn fabric. 


ASSUMED COST LUSTER FINISH 
PER SQUARE YARD* 


Weg 5¢ 10¢ 


MILLION 


SQ YOs. 


4,000 


3,000 


2,000 


1000 


potential market for luster treat 
ments cotton fabrics (solid Estimated total 
market for fabrics which luster tmportant (dotted 
Curves derived from data Tables and 
*Cost increase resulting from application luster 
finish. 
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Its appeal essentially sensory and may very well 
give somewhat different impression each 
server, although least certain its components 
cult define measure, one that has 
been valued consumers for 
the almost universal recognition this textile prop 
erty makes difficult, lengthy unnecessary, 
some general observations the nature luster 
may serve introduce study its 
“Luster” is one of several terms used to describe 
the characteristic light reflection certain materials. 


“gloss,” and “sheen” are among 
the other terms used, and although each has doubt 
special connotation different individuals, they 
are used interchangeably some extent, and none 
the five completely describes the nature the light 
intense highlights diamond, while “sparkle” 
seems imply larger number lesser reflections. 


“Gloss” finds most frequent application the 


ASSUMED COST LUSTER FINISH 
PER POUND 


MILLION 
POUNDS 


800 


600 


400 


200 


Estimated potential market for luster treat 
ments cotton yarns (solid total 
market for yarns which luster important (dotted 
derived from data Tables and 
*Cost increase resulting from 


By 
} a 
. 
4 
3 . | 
Pen 
. 
Al 
| 
4 
L 


1949 


“Sheen” carries some impression texture, and has 
defined the characteristic light reflection from 
nearly matt viewed 


surface grazing 


angles. 


perhaps somewhat broader scope 


than the other four terms. has been 
describe the light-reflecting properties gems, glass- 
ware, china, and metals, well 
textiles are concerned, however, 
properties. textiles, luster essentially 
nomenon contrasts between bright 
flective areas and duller 


curves, and folds, accentuates the contrasts between 
lustrous and matt areas, with the locality 
the lustrous highlights occurring the position 
of either the observer, the fabric, or the light source 
changes. When fabric examined for luster, 
reflected the eve from several different 
the contrast between brightness and dullness pleas 
ing, the fabric said have desirable luster. 
Many factors cause the 
not only physical, but physiological 
cal considerations the following 


technical discussion will be concerned principally 
with the physical phenomena luster, with only 
necessary reference physiological 
cal for most purposes ade 
quate comprehension ot the subject can be obtained 
essentially parallel rays. The application few 
the simpler principles light explain much the 
origin textile luster. 

When beam light falls the surface 


material, may reflected, may pass through 


Fic. Reflection, refraction, and absorption light, 


luster 
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the material, may absorbed and converted 
into heat Note that 
the direction the light changed 


energy. (See Figure 3.) 
from one medium (the air) into the second medium. 


Some combination these three effects can, and 
does, take place many instances. 

Since luster form light reflection, 
would appear have the greatest importance, and 
will therefore discussed before the complicating 
trated Figure all the light falling the 
this 
case, the angle incidence the original ray 


equal the angle reflection and both the orig 
inal and the reflected rays lie the same plane per- 
pendicular the reflective type 
reproduces image the light 
source. 

The great majority however, lack the 
polished uniformity mirror, and minute irregu 
larities tend scatter the incident light all 
tions. The extreme case of scattered, or diffuse, 
reflection shown (Figure which the 
surface appears equally well illuminated when 
viewed from any 

reflection, 


surfaces are called 


illustrated 
Part 
the incident light reflected but the 


type ot 


angle specular reflection the intensity the 
flected light greatest, and this maximum reflection 
that illustrated which show mirror peak, rep- 
resent one type luster. 

The irregularities that cause this from 
mirror reflection may very small, such would 
occur highly polished surface that 
other 
cases, the surfaces may much more irregular, with 


rubbed lightly with abrasive material. 


areas fairly high reflection occurring 


brightness matt background. The 


Fic. 4. A- Specular reflec tion. b- 4 reflection 
C—Diffuse reflection with mirror 


3 
§ 
ue 
4 
4 
I 
pat 
‘a 


image that observed the case blurs and 
disappears more light diffusely reflected the 
case surfaces irregular those textiles, 
images are never visible. 

Textile fibers differ from the sur 
faces discussed above, but the same rules geo 
metrical optics can applied them. may 
considered extremely attenuated evlinder, 
the simplest case being cross 
section. Figure illustrates light falling 
tion such evlinder fiber—across the fiber 
noted that the same intensity 
observed from almost any angle, and that, 
the divergence the the reflection tends 
weaker than the seurce, even assuming 
flectance. however, reflection all the ravs 
the same angle, and definite 
will be observed at the angle ot specular reflection. 

The fact that mirror peaks occur predominantly 
when are viewed the direction their axes, 
thus providing the important contrast between 
appearance and bright reflectance, one the pri- 
mary rules textile The design every 
textile product which lustrous effects are desired 
utilizes this principle. The phenomenon can ob- 
served nicely winding lustrous varn around 
flat card that flat pad fibers filaments 
obtained. Rotation this card between 
server light source, first around the axes 
and then across the axes, will show the pronounced 
contrasts of reflection in the fiber direction. 

Since lustrous effects textiles depend 
Figure readily apparent that irregulari 
ties the shape the fiber will diffuse 
otherwise interrupt the continuity light 
This was found true the earliest 
studies textile workers concluded 
that the cross-sectional shape of the fiber exerts the 

illustrates some typical fiber 
tions. Cross sections bundle fibers 


tions this illustration rep- 
resents not only fiber-to-fiber but also 
irregularity within since almost any the 


shapes shown can observed points 
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along the length single addition, the 
fiber twisted convoluted, first one way and 
then the other, per centimeter, 
that further irregularity introduced. 

While the cross sections the fibers 
Figure certainly are far from circular, 
the shape individual filament fairly constant 
throughout its length, and thus each fiber 
both the rayons shown. 

The silk fiber cross sections shown Figure 

differ from the majority textile fibers 
they are triangular shape rather 
The luster silk much softer than that normal 
vet greater than that any other natural 
fiber. 
Even though their shapes differ markedly, 
the fibers shown Figure have high 
conclusion that surface reflection 
portance shape and shape continuity the prin- 
perimental work backed mathematical calculations 
has been presented to show that the ideal cross-sec- 
tional shape that ellipse the ratio major 
minor axes which approaches 
flatter, ribbon-like cottons would have 
than those with rounded sup- 
port was lent this conclusion the rounding-out 
the shape cotton fibers during mercerization, 
shown the photomicrographs Be- 
sides making the cotton fiber more nearly round, 
removes its convolutions consid 
erable thus improves the 
shape along the fiber. 

The origin textile luster evidently more com 
plex than simple specular 
faces, however, and although the influences fiber 


suriace and fiber shape cannot disregarded, other 
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Luster more apparent the fiber 
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photomicrograph, 
Research 


search Laboratory 


Photomicrographs cross sections six textile fibers 
-liscose rayou fiber, 


= 

= 
~ ~ 


photomicrographs, Research Laboratory. 


and perhaps equally important fiber properties and even incidence not over 
The fact that cotton mercer the light logical, there 


ized without tension improve shape with little that example Figure studied 


improvement luster throws some doubt termine what happens the light passing the 


conclusion that shape all-important. The 


the shape improvement from This condition reproduced Figure where 


mercerized-stretched cotton, vet the development light shown falling laver transparent 


luster far more pronounced latter each air-fiber surface, part the 
than the further question flected and part will noted that 


factor with respect surface much the light passing through one more 


is raised by the fact that textile fil ers are relatively can find its Way out again on the top of the laver of 


transparent (see Figure that only fibers, reinforcing the light reflected first 


the incident light reflected ‘the 


hight normally incident on a cotton fiber will be Naturally, the section will cause light 
reflected from the inside the fiber emerge fan 


* Fresnel's law relates the intensity of light reflected from a : ‘ 
surface the intensity and incident angle but the will about shown the 
source light and to the refractive index of the material from diagram. Glass fibers are probably the only textile 
follows fibers that may nearly duplicate the conditions rep 


an? circular cross section, and the interior homoge 


law: 


light will re-emerge the light 
Retractive index specularly reflected from the surface. Some the 


sin r 
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served where over 
graph, Re- 
search Laboratory 


incident light lost within the total internal 
reflection, and some will pass through the entire 
The proportion the original refracted beam that 


each air-fiber boundary light partly 
refracted and partly reflected. 


reflection will affected irregularities the 
shape the irregularities the fiber 
rangements, and materials within the fiber that 
absorb, diffuse, disperse the transmitted light 
Most textile fibers, the exception being glass, are 
not optically isotropic. In other words, their com- 
position not entirely homogeneous light; thus, 
they commonly show two 
Light refracted differently the longitudinal and 
transverse directions these fibers because the long 
thread-like molecules which make the fiber are 
preferentially oriented the direction 
axis and because the degree packing the fiber 
molecules results the formation erystals 
some areas, which may separated amorphous 
regions. The fiber property which is characterized 


optical anisotropy, birefringence. 
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the cotton fiber matures, the cell formed 
the primary wall filled daily de- 
E—Lumen and protoplasm. 

Perhaps the influence light which refracted 
into the can best the mecha- 
bright svnthetic can rendered dull luster- 
The result this treatment Figure 
the bright fiber the reflected component 
plus the reinforcement from refracted and internally 
reflected light results the necessary 
flection for high the particles 
the interior the fiber have caused the refracted 
from the fiber completely mask the reflected 
can relustered the masking effect randomly 
light passing into the fiber 
the specular component surface reflection again 

seen that both shape irregularities 
the light the fiber, and 
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prove the shape without improving 
cantly, noted and therefore 
standing the nature these influences the 
cotton fiber, Figures and can seen 
that both the spiraling arrangement the crystal 
lites and the lumen hollow center the fiber can 
cotton spiral around the fiber axis, but they 
direction frequently, and the the spiral 

this time evidence seems the 
lite orientation spiral angle affecting luster 
significantly than the lumen. Cottons with 
the highest natural luster, such Sea Islands, have 
the best alignment crystallites with the fiber axis, 
and the dullest cottons, such Indias, have wide 
angle orientation might also 
explain the influence tension mercerizing not 
accounted for shape correction alone. 
fibers are swollen the spiral angle 
seattering effect which the fibrils have mercerized 
with the fiber axis improves. 

For Case Figure the possible influence 


luster have been suggested. The third case 


Fic. 


spiraling fibrils (A) and reversal 
photomicrograph, Bureau Plant Industry, Soils and 
Agricultural 


are 
} 
4 
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shown Figure illustrates the absorption light 
passing from one medium into another, 
discussion this will necessary before 
attempted, 

different wave lengths colors, and the 


photomicrograph, Bureau Animal Industry. 
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gives that material the color the light not 
all the light were absorbed, the 
terial would appear black, whereas all wave lengths 
except red were absorbed, the material would have 
a red color. 

actual materials surfaces, absorption never 
the case the red material mentioned 
above, part the incident white 
flected from the surfaces, and part the red light 
will absorbed with the 


Figure shows reflectance plotted against 
wave lengths light and here can seen 
that the effective color the material combi 
nation the reflected red light and 
reflected white Reflection the white light 


photomicrographs, Bureau Plant Industry, 
and Agricultural Engineering. Photomicrographs 
that the same changes take place mature fibers when 
tensioned, from evidence x-ray studies, but the effect 
observe under the microscope. 
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made 


brighter concentrating the white surface reflection 


therefore dilutes the intensity the red light, caus- 
ing the shade somewhat paler than might 


can one 


direction and prevented from mixing with the red 
light most angles, shown Figure 16, the 


the mirror peak the white light maximum, 


full intensity of the red color will be observed. 


and little red visible, but all other angles the 
red will brighter than the matt surface shown 
pronounced contrast between white light 
the mirror peak and bright color other angles 
the the 


shades are brighter lustrous textiles for this 


reason, and the same time luster more apparent 
because the added contrasting effect white light 
against colored light. 

summary, the influence luster the three 
light phenomena illustrated Figure has 
been suggested, but conclusions have 


sented as to the relative importance of cases «1, B, 


and Considering case first, obvious that 
the contrasting effects color are effective only 
colored Furthermore, the dyes used tex- 
sometimes roughen the tiber surfaces, 


reflection may Therefore, color may 
may not significantly increase the luster effects 
textiles, depending the circumstances involved. 
effect which may enhance luster rather than 
mary contributor luster. 

Which 
refraction and internal reflection 
textile 


the two factors—suriace 


-contributes most 
fiber shape and shape continuity, well tiber 


surface smoothness. Some clue may obtained 


from the data below which were volunteered 
large ravon producer scale luster was 


devised which the reflectance value was 


Fic. 17. 


Light falls 
the fiber direction 


plane pad parallel fibers, 
and across the fibers 
given mirror and the value magnesia. 
this scale reflectance, several fibers were rated 


as follows: 


Material Reflectance value 


Mirror 100 
Acetate rayon 
Viscose rayon 
Silk 40) 
Cotton 

Magnesia 


The 


fraction the range 1.47 and, 


fihers listed above have mean indices 
indi- 
cated earlier, the amount incident light reflected 


incidence 


these fibers will approximate 


to 


incidence and not over even 
Therefore, very considerable part the light pass 
ing into the fibers must have found its way out again 
reinforce the specular component the mirror 
used were 

In the synthetic fibers reinforcement of the light 
specularly reflected from the surface results from 
the mechanism illustrated Figure Refraction 
and reflection occur the air-fiber boundaries, the 
interior being homogeneous far the passage 
light concerned. The optical 
the raw cotton fiber causes 
light passing into the fiber 
specular surface reflection would negligible even 


the 


the shape the fiber were ideal. 


passage light, evidenced greater fiber trans 
parency, and this change, together 
improvement, should and probably does promote the 
But 


remains some question how much the light 


glass 


Information recently obtained reveals 
was highly reflective black 
has refractive index close those the fibers tested, the 
table shown probably does not answer the question how 
much light from within the fiber reinforces specular intensity 
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SINGLES YARN MERCERIZING PLY CONTINUOUS 


FILAMENT YARN 


The ply places the fibers paral- 
lel the yarn axis, but the plied yarn lacks the smooth 
contour continuous-filament yarns. 


through, how much diffused what remains 
the lumen, and how much scattered the fibrillar 
the final section this paper several 
suggestions are advanced which might provide the 
answer this 


Literature Sources: 1*, 11, 13, 14, 15, 16, 17, 
20*, 21*, 23, 24*, 28, 29, 32, 33, 34, 36, 38, 44, 
45, 49, 51, 52, 53, 58*, 62*, 66, 67*, 68, 71*, 72, 73, 
74*, 80, 81, 83, 87, 90, 99*, 100*, 105, 106, 114, 116, 117, 
118, 119*, 121, 126, 130, 131, 135, 137, 138, 139, 140, 
142, 143, 144*, 149, 150, 152, 153, 158, 159, 160*, 
161*, 162*, 163, 166, 167, 168, 176, 178, 180, 184, 187, 
188, 191, 192, 196, 199, 204, 205, 206, 207, 208, 210, 211, 
214*, 216, 217, 218, 219. 


Fabric Design and Construction 


good can developed from the 
ciple pad parallel fibers produces maximum 
the plane incident.and reflected light 
parallels the direction of the fibers in the pad, and 
luster least discernible when the plane incident 
axes (Figure 17). preferential 
causes the changes luster values from different 
angles viewing fabric and thus effects the con 
trasts that contribute much luster. 


suggested that literature references marked with 
asterisks consulted first making detailed study the 
cation that references marked are more 
other sources; the merely that they have been 
especially helpful the preparation this review. 
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general, constructions which the 
rangement most nearly approaches pad parallel 
fibers exhibit the greatest luster. Departures from 
this ideal, such twist, yarn crimps, fiber kinks, 
and loose fiber ends which cause fuzziness, tend 
reduce luster. The appeal luster not directly 
related the intensity specular reflection, how- 
ever, and many cases attractive luster fabrics 
reflective regions against duller background. The 
choice colors can further accentuate lustrous 
effects, both contrast colors and the tse 
colors which the eye especially 
Therefore, fabric design for luster must based 
recognition the importance specular 
reflection and the significance contrast 

Considering first only specular reflection, 
mediately apparent that continuous-filament yarns 
have twofold advantage over all spun free 
dom from fuzzy, light-scattering fiber ends, and 
lower required twist. Nevertheless, manufacturing 
processes for the spun yarns have partially overcome 
the superiority continuous-filament yarns these 
respects. The practice doubling spun singles 
opposing direction returns the twisted fibers 
position parallel with the fiber axis, and gassing 
burning off the fuzz fibers 
smoothness. Figure compares spun 
fiber alignment the spun even better than 
that the lightly-twisted filament the doubling 
twist unfortunately has introduced 
that results series bright spots rather than the 
smooth uniformity highlight the filament varn. 

Twist reduces the effective length 
and this effective length decreases, luster also 
creases. Twist also rotates the maxi- 
mum specular reflectance from that the axis 
the case fiber twist new point which 
corresponds the inclination the fibers the 
varn. Both the effect twist intensity 
flectance and its directional effect reflectance can 
observed nicely measuring the specular reflec 
tance from fabrics rotated their own plane from 


chosen, which the warp twist differs from sample 
sample and the filling twist kept constant, the 


observations specular intensity will shown 


flectance and its shifting twist increases. 
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The curves Figure indicate contrasts 
tensity specular reflection different angles 
viewing. Contrast greater, however, between the 
angle specular reflectance and some other angle, 

fibers, 


such perpendicular viewing for 
and 
parallel suriace sateen floats, concentrate 


Constructions 


the greatest possible amount light specular 
reflection and thus produce, the direction 
alone, the maximum contrasts which result 
est luster effect. The greater contrasts the float 
direction can easily seen which 
yarn floats form patterns the fabric 
specular angles, the float-depicted patterns stand out 
brightly from duller background filling 
However, other angles the filling appear 
brighter than the warp patterns. 

referring textile luster, perhaps best 
consider angles specular reflectance rather than 
one particular control almost all cases 
the surface fibers varns are sufficiently curved 
that within range angles the specular intensities 
may nearly equal. For long surface floats this 
range becomes narrow and contrast effects are there 
fore floats 


ishes but sometimes other special effects appear, one 


shorter 


which show two angles maximum reflectance are 
rather rare, but the phenomenon interesting and 
therefore shown diagrammatically Figure 20. 


lend 


selves better luster development than those with 


Fabrics with surfaces them 


rough nobby texture. Here again, the reason 
can traced better approach the ideal con 
which two warp may 
woven together over one filling varn four 
rangement, are noted for good luster even though 
singles varns are other constructions 
utilize heavy soft-twisted varns one direction 
terwoven with finer varns the other, 
heavy produce surface suitable for pressing 


textiles—its importance traces all the way from uni 
formity fiber cross section evenness and 


arises from the uniform reflection light, 


3 
| 10 turns per inch - filling 


20 turns per inch - warp 


10 turns pee inch-warp 


INTENSITY REFLECTION 


3 turns per inch -worp 
90° 180° 270° 
FABRIC ORIENTATION 


360° 


The effect twist the ortentation and 
luster peaks. 

irregularities and uneven places and fabrics 

break some manner the desired unitorm 

that 

the doubling 


Photometric measurements show even 
irregularities the singles 
twist reduce luster 
and this whether natural 


has decidedly dull and delustered appearance nor 
mally, but when the varn wet and rewound under 
takes on a 


tension remove the the 


lustrous cotton fibers which 
prevent their assuming smooth, parallel arrange- 
seems likely that least one the 
tension during the mercerization 
moval reduction fiber kinkiness. 


Finally, color must be considered in the design of 


flected light. The greatest) contrast exists in a 


black fabric where the white highlight contrasts with 
out that this why black horses look 
than white fabrics 


luster the reflection and absorption 


or lustre US 


with alternate and accentuate 


stripes. 


In some cases the effect of luster is achieved im 


fabrics largely through the use contrasting color. 
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Certain constructions which use red warp varns and 
green filling for example, seem change color 
the angle viewing and illumination. 
These “shot cloths,” sometimes called 
changeable cloths, have very 
that luster, although this case the contrast 
hetween the characteristic wave lengths the 
flected light rather than between intense 
reflection. Shot cloths have for years pro 
with silk and the for use 
however, iridescent cottons have been 
ceived for dresses. 

Fabric design and construction have important 
relationship textile luster well many other 
Certain fiber characteristics are 
prerequisites for good luster, but even with the most 
lustrous fibers the design and construction the 
fabric can greatly the final luster. 
luster most directly range 
istics of the fiber to those of the tinal fabric. 
with continuity shape important factor. 
diameter not critical influence within the normal 
range textile length has effect 
except through the greater number ends per unit 
length and the higher twist requirements for 
short crimp kinkiness reduces lus 
varn 

Generally, fine yarns permit smoother 
faces, although some soft-twisted heavy varns can 
compressed desirable flat surface. Yarn twist 
should minimum tor highest luster, 
terns and designs can accentuated the luster 
contrasts having amounts twist. 
Singles varns can doubled plied that fibers 
closely parallel the the fabric, smooth 
surface constructions are best for luster, 
contrasts, 


Literature Sources: 1*, 2*, 3*, 4*, 35, 62*, 69. 114*, 
130*, 135, 154*, 162*, 164. 169, 170, 182, 198, 201 


Luster Finishes 


The use finishing processes which improve the 
luster cotton yarns has been wide 
spread for the half-century. principal 
process today mercerization, but 
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other chemical treatments, together with several 
methods finishing cottons mechanically, add luster 
with various degrees effectiveness and perma 
nence. The total volume cotton yarns and fabrics 
finished for higher luster can reasonably 
another indication the demand for this quality 
cotton 

The degree which available finishes 
viding consumer satisfaction, however, subject 
which deserves further discussion. Certainly, mer- 
proving both luster and other properties cottons 
finishes are useful when lower cost neces- 
sary, and sometimes further enhance the effects 
present finishing processes intended this paper, 
although must stressed that higher degrees 
luster than are now obtainable are desired and 
that luster finishes 
manner not now possible with the finishes reviewed 
below. 

The chemical and mechanical finishing processes 
for improving the luster cottons which are out 
lined briefly are believed the chief methods 
available for this purpose. attempt made 
present the special adaptations refinements used 
some manufacturers which the 
“know important most finishing opera 
The emphasis will more the manner 
which each finishing treatment brings about the 
higher luster cotton yarn 

years use, still the best process for improving 
the luster cotton. The success this treatment 
results from the durable type luster obtained and 
from the fact that other properties of cottons are 
improved rather than diminished the treatment. 
Besides increasing luster, mercerization makes cot 
ton stronger, more absorbent, and easier dve and 
finish. 


Fic. concentration specular reflection may 
regions where the slope the yarn chang 
ing slowly, thus causing double-peaked luster. 
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The mercerization process today practically the 
Machin- 


ery for mercerizing has been improved refined 


same was when originally developed. 


some extent and few new types machines have 
been developed, but the essential features the 
while under tension with caustic soda, with 
washing for removal the caustic soda. 

Yarns are mercerized the form either skeins 
warps. The continuous mercerization yarns 
form the faster and cheaper the two 
methods and the more widely used where sufficient 

warp mercerizing customary use warps 
Thus, the size the varn determines the 


each number these warps, sometimes 


many are mounted behind compartmented 


box machine almost fabric, making several dips 


box machine. The spread-out pass 


each compartment and usually passing between 
rolls going from one compartment the next 
typical operation this sort the first two com- 
the box machine will contain hot water, 
about 200° which serves for initial boil-off and 
swelling. The next two three compartments con- 
tain caustic soda solution, flowing counter-cur- 
rent the varns. After going through the caustic 
soda mupartments, the yarn passes into two or 
sulfuric 


acid for neutralization, and then through additional 


three wash tanks, tank containing 
tanks which wash the further. The final tank 
may contain softener, whitening bluing agent, 
some other special finish. leaving the box 
machine the continuously dried either 
festoon loop drier cans. 
The caustic soda washed out the recov- 
ered evaporation the wash liquor, recovery 
kept constant throughout the machine 
cases, although finishers vary their techniques some- 


what this point, well the concentration 


caustic soda, the temperature the caustic soda 

solution, the time immersion, and other details. 

sinaller lots of 


for 
yarn when some special handling 
tion the skeins are placed around heavy metallic 
spools which are located movable frame. 


spools are drawn apart until the skeins 


= 
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Fic. Shape changes the cotton fiber during 


mercerization. 


ened, whereupon the entire frame lowered into 
short period immersion, usually minutes, 


vat approximately soda. 


during which time the spools revolve the 
will thoroughly impregnated, the rack 
raised, and the skeins are washed 
while the spools revolve first one way and then the 
other. Some additional stretching may done 
this point. The operation concluded with more 
washing, possibly with acid sour, further rins- 
ing, and then drving. 

Fabric much the same mer- 
cerizing except that tension must maintained 
two directions instead accomplish this, 
after the usual impregnation with caustic, the fabric 
feeds directly onto tenter frame which keeps the 
width pulled out against the shrinking action the 
caustic. Sometimes, additional stretch introduced 
the tenter frame, but any case the tension 
maintained until the fabric washed nearly free 
caustic. 

case varns and singeing the case fabrics, 
operation remove the fuzzy fiber ends which 
spun yarns tend screen diffuse luster, 
The fuzz fibers are burned off the varn causing 
the varn open warp form drawn quickly 
fabrics, the cloth may pass through flame 
that used for gassing, may pass between 


red-hot plates speed rapid enough 


both gassing and singeing that only the fuzz 


fibers are burned, the fabric being unaffected, 

During mercerization the cotton fiber, unre- 
strained, shrinks length from while 
the same time the cross section unconfined 
fibers increases about also takes 
place into the lumen, that the swollen cotton may 
have three four times its original volume (Figure 
21). swelling proceeds, the convolutions 
fiber are removed and the fiber assumes more rod- 
like form. 
mercerization carried out tension, even 


not increased, however, unless 
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though shape and shape continuity are much 
proved swollen and unrestrained fibers (Figure 
explanations for the function ten- 

Among the several possible functions tension 
are: tension carries shape 


739 


provement beyond the improvement brought about 
swelling alone, the shape the fiber approaching 
closely the ideal rod-like tension 
restraint the fiber against its own shrinking action 
serves remove fiber kinks, thus permitting more 
parallel arrangement the fibers the 
tension helps remove the surface 


(top, lett) 


normal 
stretch, 


D (bottom, right) 


Cross section Rowden carded yarn, raw 
Rowden carded yarn, mercerized 


(top, right)—Cross section 


(bottom, section Rowden carded yarn, 
Cross section Rowden carded yarn, mercerized with 
shows hardly any luster over but luster greatly improved, and still higher 


Other factors than cross-sectional shape improvement evidently influence luster 


740 
shape improves the course (d) the 
change with improved axial 
orientation, reduces the scattering light 
into and through the fiber; the 
parency the mercerized permits more 
reinforcement specular reflection from 
fracted into the fiber. 


4 


processes similar mercerization, depends how 
much learned about the relative importance 
changes fiber structure and and 
fabric form which are responsible for 
this time technologists either not agree 
reasons for luster development mercerization 
they admit that further study must undertaken 


With the 


today and with 


definite conclusions can drawn. 
research tools available 
advanced knowledge fiber structure 
lies there appears unusual opportunity for 
resolving the questions about mercerizing still 
remain unanswered and thereby greatly advancing 
our knowledge luster 

Finish, One the oldest and best- 
reagent, 


able variations the cuprammonium solution which 


There 
can prepared aqua ammonia 
hydroxide, copper carbonate, copper sulfate or chlor- 
ide with caustic, metallic Warm cupram 
solution has little swelling action 
cellulose, but when the solution cooled, 


the cellulose 


2 


swells rapidly and will completely solution 
unless the reaction ts stopped. 


particularly even older than the mer 
cerizing patents have been 
which have now these patents 
cover slight variations the general principle which, 
involves passing the fabric through 
cold cuprammonium solution, scraping squeez- 
remove excess solution, heating 
pose the copper-ammonia complex, the 
copper salts with dilute 
Sometimes the fabric completely dried the 
copper salts are removed, while cases the 
copper compound the surface the 
fabric may replaced chrome salts 
converted the sulfide. 
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The principle the cuprammonium 
the same all cases despite the many variations that 
have been used from time time. The cupram- 
the the 
and swells and partially gelatinizes the surface 


When the reaction is stopped by heat or 
acid, cellulose regenerated form deposited 
the surface, and fibers that have been partially 
gelatinized are fused during 
the operation further flattens the that the 
resultant fabric has smooth, slick surface free from 
the fuzz fibers which normally interfere with reflec 
cuprammonium process imparts higher 
luster fabrics than other 
processes, but leaves the fabric with changed hand 
the stiffening effect which results from 
cementing together the 

The cuprammonium finish much widely 
applied surface finish, although has rather 
good does not increase strength and 
absorbency improve dyeing properties, 
the mercerizing process, which affects 
Nevertheless, the cuprammonium suit 
able many special applications, inter- 
esting possibilities for further development. 


her other swelling agents have been used 


nunmi- 


creasing the luster cotton, some commercially and 
some only Sodium has 
been used much the same manner the cupram- 
monium solution for producing lustrous fabric 
surface regeneration cellulose. 
The use this agent, however, offers 
advantage over 

that 
strength increases are almost doubled and 
substantially 


The cotton 


yarn fabric impregnated with and 


with before mercerization. 


the excess hydro-extracted prior the regular 
the process has never 
heen used commercially because the 
the acrylonitrile. 

for imparting luster, added body, and 
rather parchment-like feel cotton involves 
passage the fabric through sulfuric 
strong acid rapidly removes 
fibers the surface the fabric yarn 
the same time starts swelling the cellulose that 
would, 


cause decomposition. 
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Fic. the fabric during calendering. 
intended illustrate the surface flattening and 
compacting that results from calendering fabric 


The quickly passed into washing 
tralizing however, stop the reaction before 
has gone too this type finishing 
requires extremely careful control, and for that rea- 
son, and because the changed hand the cloth, 
has not found wide usage this country. 

Mechanical addition the chemical 
finishes, there are number mechanical finishing 
processes which improve the luster cotton fabrics. 
These finishes are nondurable unless they 
combination with resins which can 
set definite surface form. The wide 
mechanical finishes for luster 
from their low cost and the ease with which they 
can applied and from the fact that even tem 
porary luster adds immensely the sales appeal 
textile products. 

One the oldest and most widely used mechanical 
finishes the Schreinering passed 
through pair calender rolls the surface 
which great number very fine lines are engraved. 
The steel rolls, heated temperature nearly 
600° exert heavy pressure the and 
thus impress upon its surface the 
flection the direction the lines, which results 
pleasing lustrous effect. 

Several other calendering which not 
employ the engraved rolls the Schreinering proc- 
ess are used produce various effects luster and 
hand cotton Most the calender finishes 
have the general making the cloth more 
smoothing the (Figure The cloth 
usually dampened and run through the calender 
preliminary operation, after which conditioned 
for hour for some fiber swelling 
and consequent fabric compacting. 

Three types calendering are general 
swissing, the cloth passes between two more rolls 
the calender which revolve the same speed 
the cloth. The rolls may hot cold, and speed 
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and pressure can varied give heavy light 
finishes. The chasing calendering similar 
swissing except that the fabric passes between the 
same rolls two more times, that pressure 
fabric ag 


unst fabric results. The luster developed 
the chasing calender has lower specular value 
than that but moire water 
marked type finish forms contrasts and shifts 
luster that make the chased finish interest. The 
highest gloss finish calendering the 
produced the friction this 
treatment the rolls turn faster than the fabric, polish 
ing the surface and closing the interstices between 

embossing, fine parallel lines are impressed 
the suriace the fabric manner similar that 
the Schreinering The lines may cut 
may engraved different directions different 
parts the design. the embossing done 
fabric that has been back-filled otherwise impreg 
nated with thermo-setting resin, the design pat 
tern impressed both the resin and 
the been cured and the fabric washed. 
rinsed, and dried, pleasing and durable finish 
obtained which the design effect the 
preferential light reflections from the etched lines 
the cloth’s surface. 

Durable glazed chintzes fabrics are 
except that the surface the embossing 
smooth. Variations the several steps the resin 
glazing process give different degrees 
range values hand the finished fabric. 

Mercerizing the only durable luster finish that 
does not alter the hand fabrics diminish the 
luster can obtained with 
strength, and with change can 
without undesirable changes hand, but the finishes 
are nondurable and will removed water-spot 
ting Washing. The resin-glazing 
finishes produce high luster, but hand 
affected, tear strength usually reduced, and 
generally decreased. 


Literature Sources: 10*, 11, 12, 21*, 27, 43, 55*, 
57. 63, 68, 69, 70, 75, 76, 79, 82, 85*, 86, 122, 130, 136, 
148, 179*, 200. 
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The dependence luster not 
factors well suggests that complete evaluation 
measurement the property might present almost 
property commonly evaluated the eves, 
though the eves are remarkably efficient 
ing relative luster within certain ranges, the evalua 
tion generally differs somewhat with the observer. 
Moreover, visual rating luster suitable only for 
comparisons and provides luster index 
manent record. technologist who studies luster 
needs with which can compare with 
the luster the various textile samples 
methods are which permit him measure 
least some the physical phenomena luster, 
but correct interpretation the psychological factors 
much less certain, and almost nothing can done 
instrumentally measure physiological factors such 
binocular luster “Dove” effects (see below). 

must conceded, that much study 
and further development methods measuring 
this line study should aware the following 
considerations which bear directly the problem: 

flect specularly not more than the 
cident light from the fiber surfaces, but that amount 
have considerable reinforcement from 
fracted into the fibers. 


centrated specular reflection certainly one the 


factors textile luster value; known 
luster. 

Contrast reflection. where the sur- 
face flexible and assumes varied con 
tours, the conditions illumination 
change from area area. resultant contrasts 
specular and diffuse reflectance might fairly 
said the most important contributing factor 
the sensory impression textile con 
trast between specular reflectance and diffuse reflec 

fabrics may show the same specular reflectance and 
also the same subjective luster, when 
evaluated this luster quite 


provision should made for recog- 
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nition differences texture, since texture prob- 
ably more significant textiles than for most other 
surfaces. 

4. Color. 


tive and subjective luster are affected. 


Where color involved, both objec- 
tivity the eves certain wave lengths light 
differs from that the photocells used photo 
instruments. Furthermore, contrast luster 
color, the degree depending the 
color, while specular intensity may remain constant. 
colored light the specimen, even the 
objective luster will changed. 

fibers and the depth relatively fine refracting and 
reflecting suriaces which compose the average textile 
surface cause reflected light reach each eve from 
slightly different angle distance. Furthermore, 
each eve observes slightly different 
the tiny ridges the fabric suriace. 
scopic effect and the sense indeterminate depth 
materially influence visual judgment luster, but 
although the phenomena were recognized Dove 
long ago 1857 instrument has been devel- 
oped which satisfactorily measure these binocular 
effects. 

luster, one the most important considerations 
textile luster, the ease with which fabric lends 
folds and shape configurations 
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The sharpness folds, the 
consequent rapidity shape changes, and the free- 
dom from wrinkles that interrupt specular surfaces 
all luster evaluated visually. 

The number and variety photometers 
struments that have been developed are quite eX 
tensive despite the difficulties interpreting 
detailed description many these instruments, 
especially those which were designed 
measure the gloss luster surfaces which are 
quite different character from textiles. The gen- 
eral principles number methods can 
however, and some details can 
accepted methods applicable to textiles. 

Harrison, his monograph and Meas- 
luster 


measurement. Only four these methods 
seem applicable textiles, and since two the four 
are the same principle, the methods outlined here 


will be: (1) objective (2) 
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photometric measurements. 

the amount light that surface can 
reflect instruments which measure 
objective luster, light falls the from 
some chosen angle, usually between 45° and 
the normal, and the intensity the reflected light 
measured trom the corresponding specular angle. 
The proportion incident light reflected specularly 
the test specimen compared with that reflected 
measurement made light reflected but 
the specular angle. 

The objective luster method provides rating 
one the parameters textile luster—the ability 
surface reflect light None the 
important effects texture and depth are 
recorded this method, however, and the primary 
considerations contrast and color contrast are not 
taken into luster measurements 
are probably for comparisons the 
materials and for adaptation the continuous meas- 
textiles. 

sure the contrasts between specular and 
flection that perhaps contribute most 
reflected light measured two directions, one 
other direction measurement may any angle 
decided upon, although most frequently the normal 
the test surface used for the diffuse reflectance 

Like the objective measurements, values sub 
jective luster include none the 
measurements generally give better rank correla- 
tion with visual estimates the luster different 
types surfaces than the objective 
both the objective and subjective the angle 
chosen for specular measurements may give reflec 
tion and intensities appreciably lower than those 
some other angle where reflection may especially 
influenced surface texture. contrast, sub- 
jective method, tells nothing about the change from 
specular intensity diffuse This change 
may quite abrupt some fabrics, while others 
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more gradual change causes luster 
noticeable. 

Goniophotometric methods are the fundamental 
physical methods for studying the lustrous light 
reflecting properties The intensity 
reflected light observed all angles the plane 
containing the angle incidence. curve 
family curves obtained which rather 
describes the properties the mate- 
methods have limited value 
for routine measurements because the time and 
effort involved obtaining the numerous readings, 
and because full interpretation the resulting curves 
demands mathematical analysis, but are valu 
able research tool where detailed information on the 

Each the three general methods listed above 
will give some interpretation of the effect of color 
it color filters are used. There is no assurance, 
however, that the instruments thus moditied will 
affected color the same manner are the eves. 
Moreover, none the methods adequately interpret 
the texture and binocular effects which the eyes 
are so conscious. Therefore, it seems likely that 
visual observations will continue necessary for 
the final appraisal textile luster. 

The luster reflectivity textiles may meas 
ured fibers, varns, fabrics. preparation 
the sample for photometric measurements depends 
somewhat the requirements the instrument 
being used, although certain principles are generally 
applicable. Measurements fibers are carried out 
plane pads fibers which have been parallelized 
combing. With relatively short-staple fibers such 
cotton sample limited area can prepared, 
usually one less than inch length. The fiber 
pad should have apy reciable depth so that no effect 
pad can be registered. 

Yarns are usually wound cards obtain flat 
pads parallel threads, enough being used 
that the incident light “sees” only the and 
not the card beneath. Specular and 
tance measurements are taken 
the unless for some special reason the diffuse 
instruments have been designed study 


fabric mounted form much the same 
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Fic. The Lummer-Brodhun Cube (A) provides 
means contrasting (B) the two sources 
of light. L, and Le are the {wo light SOUNCES. 


erally most however, fibers, 
Apparently, few the instruments 
the literature have been widely accepted for textile 
use, least their original forms, because many 
laboratories employ versions for 
their measurements. The use these instruments 
increases still further the number that 
have been used one time another, 
fore this paper only few instruments 
which which are com 
mercially available should not inferred 
that those instruments discussed 
advantages over others which are not described. 
Until the development the 
photometers were dependent visual comparisons 
light intensity. Comparison was 
light reflected different angles from the same 
the 
sample and some standard reflecting surface. 


sample light test 


The 
used many visual photometers since permits the 
intensity light from two sources contrasted 
and brought into balance. The cube composed 
two prisms which have been cemented 
closely that the cleavage not effective 
except where the glass has been ground. Therefore, 
from passes straight through the clear por- 
tions while light from reflected through 
The appearance the resultant 
depends how the prisms are ground 
shields are used, but the effect illustrated 
may considered typical. 

cally Figure 25, illustrates one many methods 
for measuring contrast gloss visually with the aid 


Light from the source 
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Fic. 25 


and 


-Optical wedges. and 

D—Diffusely reflected light 
light. 


Light source. 
S—Specularly reflected 


specularly reflected beam the path shown 
while the diffusely reflected light shown J). 
These two beams seen the observer can 
adjusted equal brightness the use neutral 
The 


ratio the transmissions the wedges gives the 


glass wedges shown and inverse 
relative brightness the two retlected beams. 
the 
which operates the 
prisms and 


specular angle chosen need not 


illustrates 


The 


the angle 


are used instead mirrors. 
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used for measuring diffuse reflection 
trary. The lack accepted standards for illuminat- 
ing and viewing luster determinations means 
course that luster values luster numbers have 
wide usefulness and therefore 

The visual photometers have been used 
jective well subjective luster measurements. 
Pelton’s Photometer, shown Figure 27, the test 
sample can rotated several ways and its specu- 
lar diffuse reflectance balanced intensity with 
light from the standard surface which can varied 
moving the light towards away 

The majority photometers and luster meters 
use today utilize photoelectric cells whose action 
due the emission electrons when the 
energized resultant electric current 
the case photomissive cells potential the case 
photovoltaic cells can measured suitable 
electrical instruments. Trained observers 
needed with photoelectric instruments, the 
values being recorded meters. 
Photoelectric cells are not influenced light 
the same manner the however, 
sensitivity certain action the cells 
changes somewhat when they are “warmed and 
where two more cells are used one instrument 
have both their time-function char 
and their wave-length-sensitivity charac 
teristics balanced. 


1: 


eliminate error due fluctuations the source light 
causing each reading ratio the intensi- 
ties the light striking the two instru- 
ment this objective measurements 


made comparing the specular intensity 
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face. M—Mirror. T—Test surface. and 
lamps. 
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sample with that from standard glossy surface, the 
intensity illumination being held constant. 
subjective contrast luster may 
arrangements are made record the intensity 
light reflected normally from the surface the test 
the specular readings may con 


Luster index 
where the specular intensity reading and 
the diffuse intensity reading 

instrument such that shown Figure 
ments. this case provision made for either the 
light source with its cell the receiy 
ing cell assume different angles incidence 
reflection with respect the fabric. for 
ample, the reflectance cell kept stationary 
and the light source and its cell are inclined 
ent angles,to the normal, curves for reflected inten 


Figure will result 


sities such those shown 
These curves provide considerable information about 


whole 


family curves can obtained the sample 


rotated its own plane. 

The Hunter Multipurpose Reflectometer 
30) has been found several laboratories 
useful and versatile device for studies 
Light can take three different paths the 
instrument. Specular intensity can com 
pared with that standard, thus measuring objec 
tive luster. Subjective contrast luster 
reflectance perpendicular the fabric. trans 
mission can recorded directing the beam 


potentiometer 


yPE Cell moves 
with the light 
source 


yas ght source 


goivonometer 


FABRIC 


Fic. 


Method Ransom and 
can be used for 
measurements. 


contrast luster 
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unmercerized fabric 


INTENSITY OF LIGHT REFLECTED AT 45% 


o° +10° *20° *40° *50° 
ANGLE OF LIGHT INCIDENCE 


29. 


twice as cfficient as fabric mercerization, 


This fact, to- 


gether with the absence crossing yarns and crimp, 


light straight through the fabric. There 


special attachments which permit measurements 
specular intensity 
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processes for improving that and 


1 


fabrics and over more less sporadic 


study of the subject. 


luster has not been fully recognized textile 


industry, evidenced the following statement 
the fiith edition Fibers 


Perhaps the importance 


scale for reflective photo- 


cell, A—Nob to move reflectance cell and scale. r— 


Alternate positions for test disc. 


S—Standard reflecting samples. 


uses enhances the value textile fiber, but there 
are instances where metallic too bright luster 
has against the use fiber, such the 
early rayons. general, luster 
ornamental rather than necessary quality 
ment, far goes, but might pointed out 
that the size the industry today ade- 
quate testimony the importance “ornamental 
rather than qualities 

The long history scientific interest textile 
luster certainly does not mean that possibilities for 
markedly increasing the luster cotton have been 
quality cotton may intensify work the problem. 
Moreover, a_ better knowledge of fiber properties, 
erate progress this 

Obviously, this problem will not 
answers, each fitting certain applications. The way 
higher luster may very likely lie along some 
avenue not considered those familiar with 
the The several approaches that are sug 
gested below, therefore, should not regarded 
limiting any manner the scope research for 
improving luster. They are offered merely 


possibilities through which progress might 
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made and reminder certain factors which 
must considered. 

Selection and physical proper- 
ties cottons different varieties and different 
growth and environments 
tions. The luster of cottons, both before and after 
finishing, depends somewhat those varietal and 
tance functional properties which might require 
simply tor the purpose obtaining maximum luster, 
both seed breeders and growers under- 
stand more completely all the fiber properties that 
affect the marketability cotton. 

Ditferences fiber shape that are related vari- 
ety, environment, and maturity growth suggest 
the possibility some control this luster-related 
might improve the surface smoothness the cotton 
fiber, while other advances agronomy could alter 
the fiber’s content minerals, waxes, 
among those characteristics which lend 
themselves some control selection variety 
and cultivation practices. 

Although the influence variety and growth 
luster may substantially lower order than 
changes brought about other means, they 
are important and warrant further and 
converters may cottons 
which their nature are best adapted uses 
recognize differences cottons and thus adapt their 
Studies variety and growth are not expected 
provide the whole answer cotton’s luster needs, 
but such studies will aid better understanding 
those cotton fiber characteristics which are related 
luster. 

weight the dry The amount this non- 
cellulosic material, its composition, and its manner 
association with the fiber can obviously affect 
property like luster which least partly depend- 
ent suriace character. The waxes, pectins, and 
minerals which constitute large part the non- 
material cotton are known influence 


characteristics, spinning performance, and 
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tailed investigation the influence these impuri- 
ties luster would contribution the 
edge this subject. 

The study the influence the non-cellulosic 
constituents cotton should extended show 
whether their removal during processing, including 
kiering and bleaching, leaves the fiber 
roughened condition. 

Surface Character the Cotton Since 
light reflection affected the nature the 
flecting surface, the surface the cotton fiber would 
seem logical subject for thorough investiga- 
tion. Tools for such studies were unavailable the 
early researchers, but today have the electron 
microscope, several methods for studying surfaces 
absorption and adsorption, and other advanced tech- 
niques for examining very small 
the surface character cottons known 
vary widely luster, and also 
surfaces cotton fibers with those other natural 
fibers and with those the synthetic fibers 

surface suggested above, study ori 
entation, and study swelling and shape improve- 
ment which will outlined below are all directed 
toward sorting out and measuring the relative 
portance these three factors luster 
The serious objections early 
sions which gave much importance 
reflection and shape have already been noted. 
tive rating the significance suriace, shape, and 
fibril orientation, well knowledge the exact 
swelling and stretching develop- 
ment, would materially advance 
of luster in cotton. 

The possible probable influence crystallite 
orientation has been discussed earlier section. 
separate the effect the fibrillar structure from 
the effects shape and surface will require careful 
techniques, possibly involving studies 
number fibers whose average values shape. 
surface, and crystallite orientation can 
might also profitable investigate stretching 
after mild swelling with water some other rela- 
tively weak swelling agent, that the shape and 
surface may changed minimum amount when 
crystallite orientation with the fiber axis improved. 

There need for further studies the natural 
luster cottons the x-ray angles (orientation) 


which differ available present show 
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that the lustrous Sea Islands and long Egyptians are 
more highly oriented than Uplands, and 
that the dullest Indias and Brazilians 
angle can conclusively proven 
that the luster differences stem primarily from 
tallite orientation rather than from shape 
differences, the importance the orientation factor 
will made more clear. 


Swelling and Shape From geo 
metrical considerations alone apparent that the 
and rounding-out the fiber and removal the 
Shape improvement would have 
from the surface and refracted subsequently 
reflected Swelling mercerizing also changes 
the ratio cotton, opening 
the structure and bringing closer that 
which there less internal interference with the 
oassage light. 

ing (1) detailed comparison the normal 
shape, the mercerized-unstretched the 
mercerized-stretched shape; (2) examination 
mercerized-stretched (3) transparency meas- 
urements (perpendicular illumination) 
fibers prepared from normal cotton, mercerized-un- 
stretched cotton, and mercerized-stretched 
lumen shape and luster. 

These are only few the studies 
that will found interesting and valuable. Other 
investigations should made the action vari- 
ous swelling agents, such since their 
may throw additional light the possibly 
complex function swelling 

polishes should not overlooked even 
may difficult visualize the practical application 
due the creation another surface 
given variety transparent plastics that might 
utilized form durable polish the cotton 
Methods must developed that will permit 
the polish cover each fiber independently and thus 
avoid the inter-fiber bonding that often occurs 
resin applications. 

polish might devel 


oped by means more delicate vet more durable and 
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than the additive applications proposed 
above. Chemical modification the fiber 
surface suggests the addition fatty acid par 
groups; subsequent processing these groups 
might result improved fiber surface characteristics. 
Perhaps the early stages this part the study 
should determination luster values 
those chemically cottons now available. 
Fabric Construction and Design. 
ciple ot placing fibers in parallel in bundles to be 
subjected minimum twisting bending 
guides the design fabrics for high luster. 
principle has been carried out faithfully that even 
the twist factor doubled has been deter 
mined for maximum luster over wide range 
ated utilizing the luster characteristics 
leven color 
utilized for effects similar that 


opposingly orientated surface 


Which warp and filling are sharply contrasting 
colors. 

Research the mfluence construction 
first directed toward the limiting 
factors construction. other words, how much 
luster its and how much 
cotton, cotton, ravon, other 
employing sufficient tension remove all kinks, and 
having the pads packed the same manner, 
fabric influence luster. 

Another way determining the limiting 
construction would using the brightest 
able synthetic staples make number typical 
fabrics. 

any luster finish cotton goods depends part 
raised tend the lustrous highlights the 
advantage over all short-staple fibers their 
ess which would bind the into the varns that 
they would less easily brushed raised would 
increase the durability of luster in cottons. The 


problem made difficult, however, the fact that 


# 


1949 


any binding the fibers which restricts their free 
resistance the fabric and frequently its tensile and 
tear strength. The solution the problem may 
and partly that chemical finishes. 

between dull and brighter varns enhances the effect 
luster, any finish which increases the brightness 
white colored will accentuate luster 
even though increase specular reflection may 
colorless, absorb light from the non-visible parts 
the spectrum, such the ultra-violet region, and 
light visible wave lengths. The use such 
materials makes white fabrics appear whiter 
light and causes the colors fabrics appear 
increase contrast for Juster problematical, 
but the field new enough warrant further study 

10. Improved more than 
use and aiter thorough study 
some the foremost textile scientists, possibilities 
for the mercerizing process 
ness and reducing its cost might not appear one 
the more promising approaches 
Nevertheless, the fact that conversion the native 
cellulose cotton the mercerized seldom 
fabric indicates that there still 
ment. Some new wetting agents may found 
useful and possibly swelling agents may Ceveloped 
which act more less catalysts for the mercer- 
izing work the effect high 
tensions are not used present, although now 
known that higher than normal tensions increase 
luster because mechanical limitations: and because 
cotton which positively stretched during merceri- 
zation has less affinity for than cotton mercer- 
ized under just enough tension prevent shrinkage. 

prammonium finish means developing luster 
cotton has never reached the stage development 
which its nature indicates might 
light cuprammonium finish could given each 
fiber, depositng film regenerated cellulose 
smooth transparent coating the outside the 
fiber, luster might substantially 
out significant loss of other fiber properties. Most 


the disadvantages the finish, 
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this time, have been the changed hand and 
texture resulting bonding. The 
cuprammonium finish, far luster related 
reflection, treatment which deserves 
further study. 

12. Importance Reflected and Refracted Light 
number the research studies that 
have been suggested here are directed toward the 
surface characteristics the cotton 
fiber on the basis that surface reflection is conceded 
important luster. studies are sug 
gested with the idea that into and 
through the fiber, and which 
seem reasonable that the first studies luster 
attempt should made learn more about the im- 
portance surface reflection relative light return 
ing from the study might include 
comparison the specular intensity light 
mercerized cotton with that reflected from the 
same mercerized cotton after has been 
that light passing into the interior will 
sorbed. The subjective contrast luster 
dyed cotton may greater than that the undyed 
cotton, but the specular intensity, objective 
luster, lower the case the fibers, will 
mean that there has been loss specular reinforce 
ment from light passing into the 

Another way getting the importance light 
which passes through the fibers would 
the transparency fibers mercerized 
tensions. noted above, luster, increases 
sion during mercerizing light-trans 
mission studies fail show higher fiber transparency 
increased tensions, would mean that surface 
flection (or reflection from a point within the fiber ) 
words, light not passing completely through the 
fiber the opposite surface fibers beneath and 
then being refracted, illustrated Figure 
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Moisture Determination Textiles Electrical 
Meters: Part III* 


Contribution the Textile Research Institute and the Department Chemical Engineering, Princeton 
University, Princeton, New Jersey 


Abstract 


This paper, the third series determining moisture textile materials 


meters, describes tests made the Moisture Register. 
and when properly used gave results with precision moisture 
When 
namely, cotton sliver and staple—the 
common with other meters tested, measurements are 


closely the precision oven measurement. 
intended 


the presence impurities. 


which presented data the operation two elec 
trical moisture meters, the Hart and the 
was made third meter which tests 
had just begun. the purpose this paper 
those tests. 

The meter referred was Moisture 
instrument consisting two units connected 
The 


flexible, rubber-covered cable. first unit, the 
quency oscillator tube and accessory 


permits a definite pressure to be applied Iv the elec 
trodes the test sample, and contactor head con- 
taining concentric flush electrodes which 
against bulk sample whose moisture 
mined. The other unit contains the power 
microammeter, and small lamp which lights when 
the proper pressure is applied by the contactor head. 

The the 


stant the textile constant 
one the electrical properties that changes rapidly 
with change moisture therefore, the latter 


Part this series appeared the September, 1948, 
issue, and Part II, the January, 1949, issue. 

Consultant, Textile Research Institute, and Professor 
Princeton University. 

Textile Research Institute Staff and Associate Professor 
Chemical Engineering, Princeton University. 


The meter tested was designed for wool 
Which approaches 
materials for which it 
results 


was not 


were appreciably less precise 


sensitive temperature changes and 


can determined from the dial reading through 
the 
electrical effect resulting from variation the 
electric 


Moisture Register available different for 


calibration curve. order marked 


different textile materials and for different moisture 
ranges the same material. The model under test 
was primarily designed for clean wool the follow 
ing forms: bulk, top, soft fabrics. 
cipal material tested 


The prin 
was white scoured wool skeins 
addition, tests were run second 

drawing cotton sliver and acetate staple 

Samples were prepared the “standard equilib 
rium the earlier paper (wet 
ting thoroughly and equilibrating 


tioned room from the thoroughly wet 
days’ exposure air, conditioned 


Half the wool 
chloride 


samples had reached equilibrium. 
samples were wet with solu 
tion instead water order determine the effect 
quantitative analysis the salted samples showed 
that they contained less than sodium chloride. 

hold the samples during test \fter each reading, 
the sample was removed, shaken loose, and replaced 
the box for another reading. For each sample 
The 


sample for oven analysis was obtained combining 


the average six such readings was recorded. 


four quarter-gram portions taken different 
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TABLE 
\verage oven Average 
moisture meter Slope 
\ hite s« oured wool varn 
9.72 8.4 0.0065 0.142 1.47 0.146 0.008 
52 12.42 13.6 0.0198 0.232 +0.023 2.35 0.0100 O.178 0.032 6 
9.52 10.5 0.0344 0.122 2.30 0.0348 0.023 
x0 6.10 6.0 0.0059 0.020 * +0008 0.75 0.0013 O.O1G 0.029 6 
Pooled 0.031 
Salted wool varn 
7.94 0.0033 1.08 0.0000 0.008 0.007 
10.06 0.0006 0.012 1.81 0.0044 0.020 0.006 
12.73 17.8 0.0846 1.072 4.20 0.0402 0.288 0.016 
70 9.09 0.0511 0.630 — 0.060 2.88 O.0718 O.802 0.097 6 
6.00 0.0131 0.022 2.01 0.0000 0.000 0.000 
Pooled Values 0.024 0.026 
Cotton sliver 
3? 5.41 2907 0.0019 1.072 —O.025 0.94 0.029 1.096 1.242 5 
29.7 1.578 1.36 0.000 0.000 0.000 
22.4 0.0231 0.016 +0.062 0.000 0.000 0.000 
Pooled Values 0.038 0.751 
\cetate staple 
3) 3.74 5.0 0.0026 0.054 0.000 0.667 0.003 0.054 0.121 6 
5) 5.66 6.7 0.0910 0.066 —O.114 O.871 0.222 O.165 0.218 6 
1.68 0.0050 0.026 0.005 0.424 0.017 0.028 
Pooled Values 0.053 O.135 


moisture were followed the analysis. 


the effect temperature the calibration curve. 


determine 


preparing the calibration curves, 
was made choose the coordinates which 
would result equal variances different points 
ditions within the limits the evidence available. 

The data were calculated the same manner 
that used the previous paper 


that 1s, by a sepa 


ration-of-variance technique. The results are sum 


marized Table the most important 
this table from the statistical viewpoint being those 
labeled I”, and I", B-, the oven variance and the in- 
strument variance converted moisture content 
scale, The values these columns for 
any single material have been pooled since there 


conclusive evidence trend with moisture con 


vale 


Considering first the oven variances, found 
that all lie the same general range, for scoured 
wool 0.04 for sliver, and 
for acetate staple. These values are 
tained oven analysis, and variations electrical 
properties not therefore results for 
wool duplicate closely 


reported | ] |. 


When the instrument variances are converted 
the moisture scale dividing found that 
the resulting values are 0.03 for both scoured and 
salted wool which are the same magnitude 
the oven variances. However, the 
has value roughly 0.75 and the acetate 
These values are out line with the other 
but this not surprising that the instrument was 
primarily designed for wool. 

From the above indications, the Moisture Register 
capable giving results material for which 
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designed with only slightly less precision than 
confidence limit, the moisture read from 
properly prepared wool calibration curve would 
within approximately moisture, figure 
which close agreement with data obtained 
other meters. This tolerance certainly 
permissible where quick moisture test required. 
For the cotton and acetate samples tested, the limits 


Figures and show typical calibration curves 


obtained from these studies. are particular 
value showing the form curve but should 
noted from the results that the general flatness 
does not result loss sensitivity. 

The general effects impurities 
those which have been noted previously 
crease impurities results general raising 
the calibration line; thus, the use 
line prepared tor pure material will 


present. 


CURVES FOR SCOURED WOOL SKEINS 
18 


4,8,@ = AVERAGES OF OPEN SYMBOL VALUES 


METER READING 


6 8 10 
OVEN MOISTURE, PER CENT 


Fic. calibration curves for scoured 
skeins showing temperature symbols rep- 


The temperature effect similar that found for 
therefore imperative that correction made for 
any appreciable change 
increase 


Table Symbols 


ture 

ordinate calibration curve, meter read- 
ing 

slope calibration curve average values 
and (duplicate determinations) 

estimate variance attributable oven 

estimate variance attributable instru- 


CURVES FOR SCOURED WOOL SKEINS 
CONTAINING IMPURITIES 


METER READING 


| ——— CURVES FROM FIGURE | 


6 8 10 
OVEN MOISTURE, PERCENT 


Fic. calibration curves for scoured woo 
impurities Dotted lines are 


the curves from Figure Average values only shown. 
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estimate instrument variance converted Literature Cited 
number readings which made the Moisture Determination Textiles Electrical 
led 526 (1948). 
Acknowledgment Toner, Bowen, and Whitwell, C., 
The authors wish acknowledge with apprecia Moisture Determination Textiles Electrical 
tion the experimental contributions Richard Meters: Part 


the academic 


Manuscript recetved August 19, 1949.) 


TWENTIETH ANNUAL MEETING Textile Research Institute will held Thursday, Friday, 
and Saturday, December and the Waldorf-Astoria Hotel New York City. 


The theme the meeting will Progress from Fundamental 


Four addresses are scheduled for the program 

“Some Recent Studies James Wakelin, Associate Director Research, Textile Research 
Institute and The Textile 

Quartermaster General Laboratories, Philadelphia: 

Researches Silk Hugh Taylor, Dean the Graduate School and Chairman 
the Department Princeton University 

“Some Aspects Fabric Hoffman and Beste, Technical Division, Department, 


The Friday program will feature the following subjects and speakers 

Consumers’ Needs Coughlin, Director, Textile Laboratory, Good House 
keeping Institute; 

Trouble Shooting and Its Rene Bouvet, Textile Research Department, Viscose 
Corporation: 

Applications Fundamental Walter Hamburger, Director, Fabric Research 
Laboratories, Inc.; 

Research Institute Research,” Dillon, Director Research, Textile Research 
and The Textile Foundation; 

Asheroft, President, Textile Research Institute, and Director Research, 
\lexander Smith Sons Carpet Company, 

Progress from Fundamental Andrew Buchanan, Assistant General Manager, 


December and luncheon will served the Waldorf meeting rooms 12:45 


both these from 9:00 until 6:00 the members and guests the Institute are 
invited view exhibits the latest and testing instruments, well other exhibits 
interest those engaged textile research and the production textiles. exhibits will 
rooms adjoining the meeting rooms, and representatives the manufacturers will present explain 
and demonstrate their products 


Saturday, December will Open House Day the Laboratories the Textile Research Institute 
and The Textile Foundation New 


Members and guests will transported the Laboratories Princeton coach-buses, which will 
eave the Waldort 9:00 and return about 4:00 
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T.R.J. Start New Pian for Furnishing Abstracts 
Subscribers 1950 


January, 1950, TEXTILE RESEARCH JOURNAL will begin new method for handling technical abstracts. 
arrangement with the Textile Institute, Manchester, England, the Abstracts section the Journal the 


this time the current Abstracts section TEXTILE JOURNAL will discontinued. 


There will extra charge 


SETTICE. 


for the new abstracts 


Through this arrangement with the British Textile Institute two purposes will served: (1) simplifi- 
cation the present abstract situation, which the multiplicity abstract services, most them limited 
scope, confusing everyone who desires keep posted developments, and (2) broader coverage 
of the general literature pertaining to textiles will be furnished to readers of TEXTILE RESEARCH Jor RNAL. 

The collaboration between the Textile Research Institute and the British Textile Institute represents 
constructive toward reducing the duplication abstracts appearing both Jour 
NAL and the Journal the Textile Institute 

much the latter carries good coverage domestic and foreign publications, both technol- 


JOURNAL who are also 


Journal the Textile Ipstitute able make good use this separate copy the British Abstracts 


Business executives also will find advantageous have under separate cover monthly abstracts publi 
covering the general developments textiles. 

Subscribers TEXTILE who have been abstracts reprinted one 
side the sheet for clipping and filing may, they wish, subscribe the new abstract section printed 
the same cost subscriptions service will depend the total number such copies 
required but estimated from $5.00 This offer open only 


JOURNAL. 


ANALYSIS: TESTING: 
LABORATORY METHODS 

Water Absorption 


water-absorbency apparatus. 
Jackson and Roper. 
(May 16, 1949). 


apparatus and procedure have 
been developed for practical lab- 
oratory means measuring absorp 
tive properties of fabrics which 
would bear some resemblance the 
end use the appara- 
tus and test method are described, 
results are illustrated, and 
the variables which atfect the results 
are are: atmospheric 
humidity, pressure, sample 
size relation plate size, 
negative head variations, and effect 
Text. Research J. Nov. 1949 


*A list of the periodicals abstracted, 
the abbreviations used for them, and the 
addresses of English-language publica- 
tions given the January, 1949, issue, 
page 


ABSTRACTS* 


Analysis Chlorine 


The spectrographic determination 
1949). 


Preliminary experiments indicated 
that the lower limit of detection of 
chlorine means condensed 
spark source the order 
However, this limit 
ently sensitive for determining chlo 
rine pick-up resin-treated textiles. 
was thought that the chlorine 
were treated with copper calcium, 
the copper ¢ hloride or calctum chlo 
ride diatomic radical formed might 
sensitive, but this did 
not prove to be the case. However, 
are runs mixtures 
powder and mixtures halogenated 
that 
aluminum-chloride emission spectra 
2610 could readily observed 
high clorine concentrations, and 
the are. were operated vac 


chloride. The conditions 
sq. fabric necessary for 
experiment, and quantitative 
determination chlorine desired, 
it is necessary to calibrate the ob- 
served brightness the aluminum- 
chloride bands terms mg. per 
chlorine content finished 
chlorine retention function 
garment shape fabric weave can 
be readily determined. Cf. Nor 
man, Johnson, and Johnson, 
37, 838-48 13, 
1948); TEXTILE RESEARCH JOURNAL 
19, 250 (Apr. 1949). 


Tex Research J. Ne 


Analysis Wetting 


index the water-repellency 
textiles from the surface tension 
Schuvten, Weaver, and J.D. 
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Reid. Am. 38, 
364-6, 368 1949). 


various water-repellent 
compounds and changes 
due method application, laund- 
ering, and dry cleaning, method 
was desired which would capable 
differences. 
Since the water-repellency the 
compound itself was desired, was 
felt that the measurement should 
independent possible the 
type cloth used and should meas 
ure the surface defects Refer 
ence made the spray test, 
mersion test, dynamic 
absorption test, wetting-time test, 
and the limitations each. 
“rolling method described 
and the results obtained are con 
results indicate that 
any shown the test 
are due mainly the con 
struction rather than the 
compound used the 
the application. 
Text. Research J. Ne 


Anelastic Behavior 


Creep and damping properties 
plied Phys. 20, 507-17 (June 
1949), 


The anelastic behavior 
creep and damping capacity tests 
These test data, together with addi- 
tional data from stress-strain stud- 


ies tension and compression, are 


discussed with reference internal 


molecular structure. The authors 


with evidence obtained 
non-stressed specimens. 


Witnauer 


Text. arch J. N 1949 


Pentosans 


Cellulose 


Determination pentosans cellu- 
TAPPI 
standard T450 M44 


1949) 


abbreviated form TAPPI stand- 
ard M44 method discussed. 
The method shortened 
adding fresh hydrochloric acid dur- 
ing distillation. change 
calculation formula required. 
correction factor for the presence of 
presented. 

Author 
Text. Research J. Ne 1949 


Isomerism 


The significance the absence 
geometrical isomerism among the 
diazo aryl-sulphonates, -sulphin- 
ates, and sulphones the struc- 
tural interpretation Hantzsch’s 
alleged syn- and anti-diazosul- 
phonates. Hodgson and 
D.. Bailey. J. Soc: Dyers and 
65, 231-3 (May 1949). 


Geometrical 
sulfinates, and sulfones. 
existence bound with the fact 
that the only 
isomeride of the stable diazosulfone, 
and all previous attempts prepare 
have resulted the 
formation of diazosulfones. These 
facts provide additional evidence 
favor the structural viewpoint 
that Hantzsch’s and 
anti-diazosulfonates are really diazo- 
sulfites and sulfonates, respectively. 

Amick 


Text. Research J. Nov, 1949 


Bursting-Strength Test 


new bursting-strength test ap- 
paratus for woven and knitted 
fabrics and similar materials. 
53 (Feb. 1949). 

Phe author describes a simple device 

(not attachment for strength 

tester) which specimen held 

polished steel sphere is pressed 

against The penetration the 
fabric and the pressure are meas 
the sphere and the 
eliminated axial rotation the 
sphere during the test. The de- 


formation the specimen 


during bursting-strength 


JOURNAL 


tests with expanding 
aphragms. The 
fabrics the same relative order 
with respect strength and elonga- 
tion strip-breaking-strength 
tests. 
Text. Research J. Nov. 1049 


Stress-Strain Apparatus 


Stress-strain-time apparatus 
fiber testing. Reichardt, 
Schaevitz, and Dillon. 
Rev. Sct. Inst. 20, 509-16 
1949). 

stress-strain apparatus 

individual fibers described. The 
apparatus employs linear variable 
differential transformer conjunc- 

tion with ring 

sensitivity several mg. obtain- 

Greater load ranges are possible 

changing the size the ring 

mometer. Modification the ap- 
paratus for constant-rate-of-stress 
application described. 

Witnauer 


Text. Research J. Nov, 1049 


Moisture Testing 


investigation methods test- 
ing for moisture wool. 
(June 27, 1949). 

attempt assess the accuracy 

vestigated; scoured wool 
material studied. The conclusions 
drawn (1) toluene distillation 
appears the most accurate 
the methods investigated 
(2) wool with hot air 
conditioning ovens 
gives incomplete results 
ture, (3) conditioning 
results means were developed for 

continuous supply anhydrous 

atmosphere. 

Text. Research Nov. 1949 


Test for Nitrates 


Diphenylamine test for nitrates 
mixtures cellulose esters. 


A; 
\ 
é 
a 
| 


| 


1949 


Anal. Chem. 21, 
813-5 (July 


Diphenylamine sulfuric acid 
sensitive reagent for indicating ni- 
trates producing blue colora- 
limited nitrates very dilute 
solutions. Uncertainty 
exists concerning its use the higher 
nitrate range and solid materials. 
investigation was made the 
speed and strength color develop- 
ment when solutions containing di- 
brought into contact with films cast 
covering wide range nitrate 
compositions. The color develop- 
increases higher and lower con- 
centrations. Water content 
portant; diphenylamine concentra- 
tion exerts minor influence. 
reagent for general use over 
wide nitrate range contains 0.1 
100 ml. conc. sulfuric 
acid, and ml. 
films known nitrate composition 
are used for comparison. 
Text. Research J. N 1940 


aqueous 


Testing Sizes 


The testing sizes for continuous- 
filament yarns high filament 
strength. Bradbury. 
Text. Inst. 40, T299-310 (May 

rapid methods are 

described for assessing the 

ability 
ability test accelerated weaving 
narrow warps, which po- 
tential sources weaving troubles 
are created more frequent and 
regular manner than would 
tained normal warp, cutting 
threads the back rest the 
test 
measures the tendency 
parent varn under the 
bending and rubbing against suit 
able surfaces, and provides index 
one the most important aspects 
the weaving behavior varns 


high filament strength. also 
best used rapid sorting test 
weed out unsuitable sizes, pre- 
liminary the more thorough exami- 
nation the more promising sizes 
the tape weavability test. 

Text. Research J. Nov. 1949 1... A. Fiori 


Torsional Properties 
Fibers 


The torsional properties fibers 
criterion fiber quality. 
199 
211 (June 1949) 


length 


fiber diameter cm. 
<number turns tiber 


at which the tiber breaks due to 
twisting serves simple measure 
responding high number turns 
made modified twist 
tester; the exact test method 
Results for many German 
synthetic range from approxi 
mately 30° for casein through 

60° for viscose to 85° for glass. \ 
table showing the specific gravities 
all common tibers included. 


CHEMICAL and PHYSICAL 
RESEARCH 


Abrasion 


The effect abrasion breaking 
strength and elongation fifty- 
eight clothing fabrics. 
Dye stuff Reptr. 38, 417-19 (May 
16, 1949). 


Effect of breaking 
strength and elongation was studied 
on 58 clothing fabrics of cotton, 


ravon, wool, ravon-cotton, rayon 
were 
made warp and filling directions 


761 


after each 100 strokes, mani 
proved better than rayons 
resistance 
have been much improved 
since the war vears. The wool and 
the mixed-tiber fabrics, except for 
ravon-cotton, 
better than other fabrics studied. 
and ravon-nylon twills 
proved superior to all other fabrics 
studied several respects. 


Some 


elongation decreased 
steadily with abrasion 
all fabrics with the exception two 
which percentage elongation 
increased after the first 100 strokes 
and then decreased comparably 


that the other 


Rotting Cellulose 


Biochemical decomposition cel- 
lulose. Bodea, Mure 
sanu, and Precup. Bul. soc. 
stiinte Cluj 10, 37-43 (1948) 
(in French) (throagh Chem. Abstr. 


43, (May 10, 


Various compounds were added 
10-mg. samples soil containing 
0.1 cellulose. After inocula 
with cellulose-decomposing 
microorganisms, 
were incubated for 15-31 days 
constant temperature and humidity. 
the presence compounds like 
alanine, glutamic acid, egg albumin, 
casein, peptone, and globulin, micro 
bial decomposition was 
acid, 
acid, and acid, decomposi 
tion was effective 6.9, and 
Very slow decomposition was ob 
tained when lecithin was 
seems that compounds 
are more effective than insolu 
ble compounds. 

lext. Research J. N 


Stimulating action p-aminoben- 
zoic acid the biochemical de- 
Soc. stiinte Cluj 10. 137-41 (1948) 
(in French) (through Chem. 
43, (May 10, 


Decomposition of cellulose in moist 
soil was stimulated the presence 


mu 
4 
he 
al 
| 
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10-g. samples soil. The 
soil samples contained either 
slower decomposition took 
the and were missing, 
very little decomposition took place. 
These 
days values 8.9, 7.1, and 


Text, Research J. Nov. 1949 


Swelling Cellulose 


Sorption and swelling cellulose 
under natural and imposed re- 
straints. Barkas. Proc. 
Tech. Sect., Pape r Makers’ Assoc. 
(discussion, 211-16) (1947) 
through Chem. 43, 40095 
25, 


outline the molecular 
and micellar structure cellulose 
and the reasons for the 
scopic nature the individual cellu- 
lose the sorption 
and swelling the natural material 
found cotton, wood, and paper 
that both the sorption and swelling, 
results from given vapor-pressure 
rise, must be sensitive to applied 
stresses. The effects of restraints 
arising from either internal 
ternal causes are 
sensitivity of sorption to stress ina 
plastic material provides plausible 
explanation the sorption hystere- 
sis found other 
The relation between vapor 
pressure, content, swelling, and 
applied directional stresses 
erned equations which 
used for calculating the elastic con 
stants swelling materials and for 
practical conditions. 
Research J. 1049 


Oxidation D-Galactose 
and Cellulose 


Oxidation D-galactose and cellu- 
lose with nitric acid, nitrous acid, 
and nitrogen oxides. 
MePherson, Calkins, and 


7 


Leaf, Jr. Am. Chem. 

Soc. 71, 2200-4 (June 1949), 
Concentrated nitric acid 
containing nitrous acid derived from 
the addition nitrites, nitric oxide, 
nitrogen dioxide oxidizes D-galac- 
tose through the 
acid (or the gamma 
the gamma lactone), gamma lactone 
acid, acid. Cotton 
linters were treated with concen- 
trated nitric acid containing sodium 
nitrite for hr. then rotated 
days The fibrous 
product had anhydride 
content 26.4, 27.2, and 31.3% 
phosphoric acid had uronic acid 


content nitrites were 
not present the uronic acid content 
was only 26%. Macormac 
Text. Research J. Ne 1949 


Dilatometric Studies 


Dilatometric studies high poly- 
mers. Second-order 
and Izard. Applied 
Phys. 20, 564-71 (June 

tures obtained from meas- 

urements are reported for various 
trinsic viscosity and crystallization, 
addition chemical composition, 
the second-order transition tem 
perature shown. Crystalliza- 

the rate and amount 

tion obtained from density meas- 
urements for aromatic 

Phe effect of immersion media on 


Text. Research J. N 1949 


Dynamic Measurements 


investigation the dynamic 
elastic properties some high 
polymers. Hillier and 
Kolsky. Proc. Phys. Soc. (Lon 
don) B62, (Feb. 

apparatus for the investigation 

the transmission sound along 

filaments 

1,000 and per sec. 


TEXTILE RESEARCH JOURNAL 


described, both for unstrained speci- 
elongation constant rate in- 
crease strain. Measurements 
the dynamic elasticity and damping 
factors filaments polythene, 
neoprene, and nylon have been ob- 
tained, and the correlation these 
arrangements which take place dur- 
ing stretching discussed. Authors 
Text. Research J. Nov, 1949 


Dynamic measurements polymer 
physical properties. Ballou 
Phys. 20, (June 

Three methods are 

investigating the 

and dissipative properties high 
polymers fiber and film form 

the frequency range from 30,000 

The effect of fre- 

quency state the 

characteristics 
the methods are 
also employed measure the tem- 
namic modulus. Witnauer 
Research Nov. 1949 


apparatus depict the load- 
elongation yarn five cycles 
per second. Breazeale and 
Whisnant. Applied Phys. 20, 
621-6 (June 1949). 


and released frequencies 
Growth the 
plotted. The 
stretch modulus the sample 
dial, and adjusting 
the vertical displacement the spot 


the oscillograph screen 
length the specimen. 
formance the apparatus illus- 
trated with data obtained for tire 
cords various constructions. 

Witnauer 


Text. Research J. Nov. 1949 


Propagation bulk 
waves high polymers. 
“Ivey, Mrowca, and 
Applied Phys. 20, 486 
(June 1949), 


4 
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The propagation constants super- 
sonic waves natural, GR-S, and 
butyl rubbers are studied 
frequency range from sec. 
Mc. sec. and the temperature 
proximate values dy- 
namic modulus and loss factor are 
computed from these values, under 
certain 
are correlated with law frequency 


data. Witnauer 
Text. Research J. Nov 


assumptions. 


1049 


Hydrodynamics Non- 
Newtonian Fluids 


The hydrodynamics non-New- 
tonian fluids. Rivlin. 
Proc. Roy. Soc. (London) A193, 
260-81 27, 1948). 


the hydro 
dynamics viscous depends 


The classical 


upon the assumption particular 
law governing the relationships 
tween the components stress 
fluid and those the strain-veloc- 
ity. This 

applicability 


its 
tluids. 
Here, the most general possible re- 


Newtonian 


lationships between the stress and 


strain-velocity components, which 
viscoinelastic 


These relationships also apply 
incompressible, viscoelastic 
shown how equations motion 
and 


are 


obtained if 

know n. Two 
laminar flow 
detail. 


motion 


can 
relations 
problems 


these 
involving 
are discussed some 
These are: the torsional 
fluid, produced means forces 
applied its plane ends; 
the laminar flow 


mass 
and (2) 
mass fluid 
contained between two coaxial cv 
inders rotating with different angu- 
lar velocities. found 
(1) that, general, 
tions must applied the plane 
surfaces the fluid, addition 
the expected 
from the classical 
to produce 


Case 


motion, 
Analogous results are 


the 


case These results apply even 
when centrifugal forces are neglected 
and imply qualitative difference 


the behavior fluids 
and those for which the 
special case classical hydrody- 
namics valid. Author 
Text. Research J. Nov. 


between 
general 


1049 


Gomberg Reaction 


The mechanism the Gomberg 
reaction. III. The fallacies 
the free radical reply 


H. H. Hodgson. Soc. Dvyers 
and Colourists 347-52 (July 

The mechanism which diazo 


compound decomposed very 
important. the argument with 
Hey and Waters, states 
that their assertion that applied 


free radical concept 
mental conditions contrary all 


has never supported the hypothe 
sis the fission covalent diazo 
compounds into free radicals. 
arguments used Hey and Waters 
to refute Hodgson’s ot 
their held invalid, 
and their 


criticisms 
work are 
with decomposi 
tion 
proven false. Amick 


19049 


Gough-Joule Coefficients 


Relationships between 
coefficients and moduli vul- 
canized rubbers. Conant, 
Applied Phys. 20, 526-31 
(June 1949). 


The coethcrents 
(b) 
stant strain are detined, and meth- 
ods measurement each vul- 
canized 
shown 


Gough-Joule (a) 


constant stress and con 


rubbers are given. It is 
mathematically 
mentally that the ratio (a) 
is equal to the “tangent” 


The quotient 


modulus. 
of the Gough Joule 
constant strain divided 
the strain are shown con 
stants which are independent the 
stress-strain-temperature conditions 
the data are 
given for stocks based Hevea, 
(;R-S, Neoprene GN, butvl rubber, 
and 


Text. Research J. Ne 


on 


\uthors 
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Isothermal Distillation 


The mechanism isothermal distil- 
lation the porous-disk osmom- 
eter. Williamson. Proc. 
Roy. Soc. (London) A195, 97-115 
(Nov. 12, 1948). 

This paper describes the theoretical 

investigations which been 

made effort clarify several 
ous workers who have carried out 
experiments the unusual osmotic- 
pressure technique known 
ment essentially thermodynamic, 
and leads to the derivation of equa 
tions which agree with the accumu 
lated experimental 
showing how substantial improve 
achieved designing the apparatus 
with the 
given the theoretical study. 


guidance 
One 
of the derived equations stresses the 


accordance 


importance good thermal con 
duction between the 
solution inside the stillhead, while 


another gives quantitative rela- 
tionship between 
perature 
pressure 


fluctuations and 
errors. 
given the essential features the 


experimental apparatus which has 


these theoretical advances 
the 
weights high polymers. 

The limitations the “internal 


pH” concept textile chemistry. 
Kitchener and Alexander. 
Soc. Dyers and Colourists 65, 
284-5 (June 
\ rebuttal of the theory proposed 
the combination wool with acids, 
which appeared Soc. Dyers and 
Colourists, Feb. 1949, p. 63. Kitch 
ener and Alexander state that 
like the neutralization soluble 
ion takes part, 


base, only the 
the combination 
into the fiber of 


anion well hydrogen ion. 


requires the 


the product obtained 


4 
Text. Research J. N 
Sikey 
nies 


due the activities the the solid state The moisture 


ion and the anion rather than any 
function determines the position 
equilibrium. 
from 
our view the key both this 


ous 
problem and theory dyeing. 
Peters’ and reply 
stated that 
procedure was possible had been 
the amount 
combined acid and alkali 


because other 
customary show 


tion the measured the solu- 
tion outside the fibers, with the re- 


sult that there had been 
workers overlook the fact that 


the internal and external values 
are not, asarule, 
determine internal pH, therefore, 
has brought order out chaos. 


Polymerization 
Studies polymerization. II. 


method for investigating the rela- 
tion between molecular weights 
and intrinsic viscosities poly- 
mers, and its application poly- 
Soc. ( London) A192, 329-39 (Feb. 
18, 1948). 


simple method for investigating 
the relationships between intrinsic 
viscosity and molecular 
law 
Equations 
given for calculating the number- 
average degree 
and molecular 
pointed out that method now 
with 
weights and distribution. The 
solute value the velocity constant 
for the 
stvrene and CCl, at 60°C is cal 
culated. \uthors 
Text. Research J. No 


obey with 


are 


polymers 


transfer 


1949 


Polymerization the solid state. 
Miller, Faekuchen, and 
Mark. Applied Phys. 20, 531 
1949), 


This concept, obvi- 


indicated for 
anhydride 
x-ray diffraction study monomer 
and polymer. The powder pattern 
for sample which was allowed 
stand for room temperature 
similar that for polyparboben 
zoxy-lysine prepared bulk poly 
condensation the melting point. 
data and optical prop 
erties which would involve 
polymerizing the solid state. 

Witnauer 


tesearch J. Nov, 1949 


Effective Pore Size and 
Water-Repellency 


The measurement the effective 
pore size and the water-repel- 
lency tightly woven textiles. 
day Soc. 1948, 257-64 (through 
1949)). 

Effective pore radi of 6 100u are 

displacement method” which the 
sample saturated with 
forming contact angle 
natured 
The (P,.) is the 


minimum pressure required force 


alcohol or 
water-resistance 


radius and determined with 
apparatus similar that Slo 
repellency measured the ad- 
surface tension de- 


pends upon both 
and and data show the effects 
the 
fabrics and different treatments 
the same fabric. 

Text. Research 


same 


1949 


The diffusion moisture and heat 
through textiles. Henry. 
Discusstons Faraday Soc. 1948, 
(through Chem. 43, 3623¢ 
(Mav 10, 


and heat through porous, absorb- 
ent body, such cotton bulk, 
treated coupled proc- 
esses. Simplifications occur where 
where the rates the ele- 
mentary processes are very 
where only 


strong, 


variable 
Nomograms are provided 
numerical treatment, and 
the theory applied compressed 


one 
interest. 


cotton over range tem 
peratures and humidities and 
values package 


Text. Research J. N 1049 


Action Pyridinium 
Compounds Rayon 


Action quarternary pyridinium 
salts chloromethyl ethers 
polyols regenerated cellulose. 
Lichtenberger and Martin 
Textiles 1947, No. 
Chimie industrie 273 (1948) 
(through Chem. 43, 
(Mav 25, 1949)). 

Polvchloromethy! ethers of polvols, 

ium 
cellulose fibers, 


react with regenerated 


decreasing appreci 


the degree swelling and 


proving 
The reaction is carried out for 15 
due the acidity the 
impregnating solutions, the latter 
are buffered with AcONa. 


number and the distance be- 
the of the 
quaternary attect 


tween reactive groups 


the results the treatment. 


Text. Research J. N 1y49 


Stiffness Rubbers 


Time and stress effects the be- 
havior rubber low tempera- 


Davies. Phys. 20, 
533-9 (June 1949), 


temperatures near 25°C and under 
shear stress approximately 148 
measurements with x-ray diffraction 
data shows that prob 
ably responsible for the increase 


The vulcaniza- 


etfect 


stiffness. 


is 
Pts 
Seon 
| 
| 
| 


1949 


tion, carbon black, temperature, and 
stress the rate change stiff- 
synthetic 
given, 


various rubbers with 
tural the 
the latter studied. 


rubber 


Witnauer 


Stretch Versus Orientation 


X-ray diffraction studies the 
stretching and relaxing poly- 
plied Phys. 20, 552-8 (June 1949), 

The etfects of 

the 


amounts 
the 
and 


stretch 


are 
Results obtained are com 
pared with the behavior 
the ervstallites 
temperatures also studied. 


Witnauer 


19049 


upon 


Transition Temperature 


Transition temperature methyl 
methacrylate polymers ultra- 
sonic frequencies. Protz 
man. Applied Phys. 20, 627 
(June 1949), 


sound methyl 
polymers (Plexiglas) 
has been measured with 
cision temperatures from 24°C 
90°C and frequencies from 


velocity of 


detailed study the 
variation the sound 
with temperature revealed 
type transition the neighbor- 
hood of 60 c is tentatively 
attributed change the mode 
molecular motion. 


1040 


which 


Witnauer 


Theory 


The mechanism diazotization and 
Dyers and 65, 
1949). 


Theories the mechanism diazo 


tization are given: (1) the amine 


salt theory, (2) the theory proton 
participation, and (3) 
that protons are not only unneces- 
sary but cases injurious. 
The authors consider the essential 
mechanism diazotization and 
nitrosation that generalized 
place between undissociated nitrous 
acid and (a) the free aromatic amine 
tertiary amine. The role acid, 
present, facilitate elimination 
water and, the case 
initially formed into the correspond- 
ing diazonium salt. Amick 


Text. Research J. Nov, 1949 


Viscoelastic Properties 


Propagation 
sound high polymers. 
White, Mrowea, and 
Guth. Applied Phys. 20, 481 
(June 

Dynamic viscoelastic properties ob- 

ation 


and 


attenu 

the fre 
range ke. and the 
range 
are reported for and GR-S 
Text. Research J. N 19049 


Viscose Process 


Hindrance viscose formation 
result the properties indi- 
vidual fibers and the pulp sheet. 
Abstr. 43, (May 10, 1949)). 


Inhibited viscose formation, mani- 
fested poor filterability, traced 
insufficient delignification and 
incomplete bleaching the indi 
vidual fibers. Incomplete 
zation correlated with unfavorable 
qualities the pulp Lignin 
residues may cause marked resist- 
ency manifested spruce 
sulfite sheets during the steeping 
due unusual 
the Tests 
are outlined which warn future 
filtration difficulties. Whena beech 
sulfite pulp shows too great 
face absorptive capacity 
rigidity, its 


process is 


too 


7/02 


viscose formation highly question 
able. The 
can defects, 
which become problems the pulp 
manufacturer. Pulp homogenizing 
prior its thickening recom 
mended. 

Research 


\ iscose 


these 
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Action Alkalies Wool 


Action alkalies wool. III. 
Action alkalies deaminated 
438-44 (1948); cf. 39, 
(through Chem. Abstr. 
4017¢ (May 25, 1949)). 


Deaminated like untreated 
wool, gives rise lanthionine when 
heated with mildly alkaline buffers 
however, and with stronger alkalies 
deaminated wool, unlike untreated 
wool, does not give rise lanthi 


wool, 


onine. 


Text. Resea 1949 


Antibacterial Agents Wool 


Affinity water-soluble substances 
wool and their antibacterial 
activity. Fischer, Seiden 
berg, and Helv. 
Acta 32, 8-17 (1949) (in 
German) (through Chem. Abstr. 
43, 4017d (May 25, 


Strips plain wool g.) are wet 
with warm water and placed for 
gram stain (about 0.05 
gentian violet) cc. water, 
then thoroughly washed and rinsed. 
gram stain (0.05 washed, 
and extracted with boiling alcohol, 
(0.01 fuchsin), and rinsed. 


are 


The wool gram-negative under 
these conditions but gram-positive 
affinity for wool wetting, deter 
gent, and disinfect 
ing agents was determined from the 
(10 g. + 0.01) dved in the presence 
both neutral and acid solution. The 
the affinity wool, the 


greater for 


+ 
& 
Se 
} 
7 
1% 
Se, 


766 


greater was the antibacterial activ- 
substances. 
The one anion-active exception has 
higher acid affinity wool than 
neutral; the basis the 
change-absorption 
bos, 41, this expected. 
Text. Research J. Nov. 19049 


Stabilized Wool 


Shrinkage control wool-chlorina- 
Am. Reptr. 38, 
(July 11, 1949). 

Treatment Army socks prevent 

felting doubled their life. The au- 

thor that treatment 
which reduces the differential fric- 
tion effect of the heel surfaces or 
modifies the elastic 
recovery the fibers more less 

chloride), Durlana 

rubber- 

like compounds), thermosetting-re 
sin, and chlorination processes are 
discussed. Consideration 
the chlorination method and_ the 

process, which makes 

use combination sodium sul- 

famate and hypochlorite 
product 
which gives much lower exhaustion 
of chlorine. The possibility of guy 

ing wool two treatments instead 
one accomplish certain result 
mentioned and some excellent argu- 
ments are given. 

Text. Research J. Nov. 1949 


BLEACHING: DYEING: 
FINISHING 


Chemistry Bleaching 


Present status the chemistry 
lulosa och Papper, SPCI 1908 
1948, 19, 301 
Swedish) (through Chem. 

aspects 

with Cl, hypochlorites, and 

the chemical action the reagents 

lignin and the carbohydrate con 


bleaching pulp quality con- 
sidered. 

Research Nov. 1919 


stituents the pulp. 


Fluorescent Bleaching 


Fluorescent bleaching. 
Am. Reptr. 38, 
(Apr. 18, 

application 

with resultant whitening effect, 
appears have been the original 
chemical bleaching. This was fol- 
lowed 5 vrs. later by use of a stilbene 
derivative, vrs. later umbel- 
liferone compound, and since 1940 
eral laws governing fluorescence 
quired satisfactory commercial 
agent are: 
must have for textile 
fibers; must show fluorescence 
the appropriate colors; 
itself colorless; and should have 
good fastness. Fluorescent bleach- 

ing agents suitable for cotton, wor I, 

are discussed and are named 
Blankopher and WT; 

WS. 


Text. Research J. N 1949 


Optical Bleach 


Organic fluorescent dyes and their 
technical application. Optical 
bleach. 
Chem. 61, 17-19 (1949) (through 
Abstr. 43, (May 25, 
1949)), 

review toners, with emphasis 

fonic acid and substantive benzimid 
azoles. references. 

Text. Research Nov. 1949 


Peroxide Bleach 


Bleaching goods for dyeing and 
finishing the continuous open- 
width peroxide system. 
Moore. Am. Dyestuff Reptr. 38, 
P504 (June 27, 1949). 

The steps the open-width J-box 

process essentially 


JOURNAL 


follows: singe, desize, mercerize, 


wash, peroxide 


treatment, wash, dry, 
subjects are discussed 
peroxide concentration varies from 
oxide, depending upon 
construction, weight fabric, and 
quality the cotton used 
important addition, mul- 
tiple role: fixes values the 
range effective bleaching, 
the only alkali which gives good 
range, and has deactivating 
effect catalytic materials present 
plant waters, cloth, 
Text. Research J. N 1949 


Textile Printing Emulsions 


Pigmented emulsion 
printing. Cimma. Papers 
107-10 (June 1949), 

brief but up-to-date discussion 

the many applications pigmented 

emulsions textile printing. 


Jig, Housings 


Jig dyeing and the value hous- 
ings. New York Section, A.A.T.- 
P442, P444 30, 1949), 

The jig not simple seems. 

The jig dver must see that the 

roll of cloth is even so that it will 

run straight and true and that the 
edges are not permitted to cool off 
more than the center 

determined the end use the 

fabric; salt-controllable should 
dyed with gradual additions 
salt each end the batch from 
the third end on. Housing enables 
the goods to be held at uniform 
vage, eliminating dirt and simplify- 
ing C.A.A. 
Text. Research Nov. 1949 


Dyeing Tubular and Warp 
Knit Textile Fabrics 


Dyeing tubular and warp knit tex- 


: 
| 
: 
| 
| 
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| 
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Age 13, 10, 14, 
(June 1949), 


discussion the methods and 
knitted fabrics composed cotton, 
wool, nylon, and other 
Distortion caused tension one 
main problem. Landau 
Text. Research J. Nov, 1049 


Metals Tippy Dyeing 


Wool and Reptr. 

Results investigation into the 

baths and the effect metals 

Ditferent metals 

body of fleece, as the metals tend to 
agents are recommended reduce 
eliminate uneven 

Landau 


lext. Research J. Nov. 19049 


upon wool tleece. 


Moire Finishing 


New developments moiré finish- 
ing. H. A. Holterhoff. Papers 

Following general description 

the moiré process, the author de- 

scribes detail the effeets moiré 
finishing many types 
acetate taffetas, tissue failles, and 
nvlon New developments 
here and abroad, review some 
the outstanding new patents 
the 
medial measures for so-called 
match” pieces are included. 


Treatment Casein Fibers 


Effect after-treatment upon wet 
strength formaldehyde- and 
chrome-treated casein 
Signer. Textil- Rundschau 
182-6 (May 

When dry-spun formaldehyde- and 

chrome-treated were 

heated 1:50 bath, the the 
water was changed less. 

The effects of various bath composi 

tions were studied: the wet strength 

the tiber was greatest when the 


bath 5-6, when formalde 
was added the bath (no in- 
crease wet strength when more 
added), when the 
and when acetate were used. 
The authors explain 
these findings and 
addition formaldehyde the hot 
bath may prevent 
the formaldehyde attached the 
protein and that formaldehyde pos 
sibly reacts with the incorporated 
lext. Research J. Nov. 1949 


Scouring Wool 


Low-temperature wool piece-goods 
scouring with synthetic organic 
detergent. laboratory evalu- 
38, (May 1949). 

The use synthetic detergents 

conjunction with neutral siightly 

alkaline salts such sodium chlo 
ride sodium bicarbonate the re- 
lubricants from wool piece-goods 
discussed. 
thetic detergents has made 
ble lower the scouring tempera- 
ture and maintain efficiency. The 
addition sodium chloride enables 


The use suitable 


Higher concentrations scouring 
materials are needed 
scouring method than the hot, 
but the higher cost 
tive. The authors used for 
the cold scouring and 120°F for the 
scouring. Cost data these 
two temperatures are included. 

Text. Research J. Nov. 1049 C.A.A. 


FIBERS: YARNS: FABRICS: 
MECHANICAL PROCESSES 


Bulrush Textile Plant 


manek. Textiles 1947, 
151-64; No. 141-60; Chimie 
industrie 59, 273 (1948) (through 
Chem. Abstr. 43, 3621d (Mav 10, 


The vield tow higher than that 
most plants. The degumming 
costs, while fairly high, are lower 
than for the plants. 
inferiority bulrush tow com 
pared with jute tow lies chietly 
the loss strength when The 
comparable that jute, and its 
strength similar that low 
grade jute. 

Text. Research J. Nov. 1949 


New 


Celanese Corp. America intro- 
duces new fiber, Celcos. Anon. 
Textile Age 13, 44, 
1949). 

said combine the best features 

synthetic staple available vari 
ous lengths, sizes, and 
sorbent than acetate and less than 
acetate, and can 
cross-dyed easily. Landau 
Text. Research J. N 


Hackling Flax 


Yield flax-hackling machines. 
(Apr. 1949). 


Flax reasonably homogeneous 
quality was with system 
atic variation the number pass 
ages, pin density, 
heads, and weight fiber per head. 
The effect these factors 
vield tow and line discussed. 


Vicara 


pers AATT 111-16 (June 

process 

the author outlines general terms 
physical properties, 
bleaching and dyeing characteris 
tics, and adaptability the cotton, 
worsted, woolen, and tow-to-top 
systems. 
Research Nov. 1949 
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Properties Yarns from 
Mixed Fibers 


The electrical resistance yarns 
made from mixed fibers, and its 
use measuring the moisture 


Hearle and Jones. 
Text. Inst. 40, (May 


Initial assumptions are 
cerning the resistance yarn 
one type the application 
the parallel law 
two types fibers, and the 
relation between the individual and 
total moisture contents. Equations 
are derived which relate the resist- 
two types fiber its total mois- 
ture content and the properties 
yarns made from the pure fibers. 
shown that there good agree 
ment between the theoretical equa- 
tions and the experimental results. 
Applications the results the 
Shirley Electrical Hygrometer and 
the Shirley Moisture Meter are dis- 
Experiments 
described which the resistances 
cotton, viscose staple, and 
wool and containing various 
proportions of cotton mixed with 
one the other two are 
measured. Fiori 
Text. Research J. Nov. 1949 


Slub Yarn Device 


Versatile device for Himalaya, slub 
yarn. Anon. Textile Bull. 75, 
50, (July 1949). 

device applicable for installation 

spinning frames and 

used produce Himalaya and slub 

The device based the intermit- 

tent acceleration 

the center and back drafting rolls 
and capable producing wide 
variety patterns and 

Landau 


Text. Research J. Nov. 1949 


Bonded Fabrics 


Non-woven bonded fabrics. 
Bromley and Elliot. 
tile Recorder 67, 77-9 (July 1949) . 

general description given (1) 

the commercial bonded fabrics 


use, (2) the most promising fields 
employment terms end usages, 
(3) the conventional finishing treat- 
ments which can applied these 
products, and (4) 
treatments necessary for 
abrasive 
cloths, oiled cloths, water-repellent 
fabrics, and filtration fabrics. 


Text. Research Nov. 1049 Fiori 


Moss Crepe Weaves 


The design and production rayon 
Robinson. and Rayon 
102, 104, 106, 108 (Jan. 1949); 
Part 23, 251-2, 254, 256, 258 
(Feb. 1949); Part 23, 382, 386, 
388, 390, 392, 394 (Mar. 


deals comprehen- 
sively with the designing moss 
weaves, together with the planning 
these weaves order avoid 
twill effects and other horizontal, 
vertical, diagonal lines. Such 
limitations are outlined which would 
adapt the 
capacity ordinary dobby looms. 
Complete weave plans with many 
illustrative designs are given. 
Text. Research J. Nov. 19049 


these 


Fiori 


Weaving Tire Cord 


Weaving defects rayon tire-cord 
fabrics. Rayon 
(June 1949), 

Failure reduce tension the 

shuttle causes closely 


vages, together with one the 
fabric, known 


slack center and tight 
defects, such sloughing-off, long 
ends, knots, overhanging edges, etc., 
gestions are given. Fiori 
Text. Research J. Nov. 1949 


Cloth Inspection Machine 
and Uniformity Meter 


Cloth inspection machine and uni- 
formity meter built 
Inds. 113, 90, 91, 
225 (June 

machine permits inspection con- 


JOURNAL 


tinuously moving fabric which 
pears series stationary panels. 
mirror which tracks the cloth 
identical speeds and then returns 
pick the next successive area. 
Variable speed controls permit ad- 
justment cloth ranging 
from yds. per min. The 
newly developed uniformity meter 
designed for testing purposes 
rather than for production control 
but will test sliver, roving, 
for uniformity structure, deter- 
mined the weight per unit length. 
The material tested passes be- 
tween condenser plates, causing 
the dielectric strength the con- 
mass fiber. Yarn tested 
5-10 ft. per sec., roving and sliver 
3-6 in. per sec. graph chart 
the variation recorded auto- 
matically. Landau 
Text. Research J. Nov. 1949 


Outline Carding 


General outline carding. 
Bull. 75, 54, 56, 
(June 1949), 

Card production limited the 

stock being processed, both staple 

length and grade. carding 
dependent upon laps, 
level cards, firm mill floors, and 
proper atmospheric conditions. 

Landau 


Text. Research J. Nov. 1949 


High Drafting 
Worsted Spinning 


High drafting worsted spinning. 

draft systems existing for worsted 

spinning. Fiori 

Text. Research J. Nov. 1049 


New Aluminum Spinning 
Spindle 
Whitin’s new spin- 
dle. Anon. Whitin Rev. 16, 
1949). 
new metallic top spindle for paper 
tubes Essentially, the 
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1949 


new design consists short heat- 
treated steel blade with 
enlarged top, aluminum sheath 
bored the bottom end 
press fit onto the top the steel 
blade, and chromium-plated steel 
whorl that press-fitted over the 
bottom end the aluminum sheath. 
used conventional bolsters 
and cases and can adapted the 
new wood tubes well the 
paper tubes. Fiori 


Text. Research J. Nov. 1949 


SKF Roller Bearing Spindles 


Installation and maintenance 
SKF roller 
1949). 

General instructions for the installa- 

tion and maintenance SKF roller 

bearing spindles with 
sters, brake-ring bolsters, 
spindles for silk and rayon are dis- 
cussed briefly. Fiori 


Text. Research J. Nov. 1949 


MISCELLANEOUS 


Alginate Harvesting Methods 


Anon. 
121, 


Alginate for 
Text. Mercury and Argus 
(July 1949), 

short account describing the vari- 

ous methods devised for gathering 

the seaweed used raw material 
for the synthesis alginate fiber. 

Text. Research J. Nov. 1949 L. A. Fiori 


Method Measuring Cross- 
Sectional Variations 
Slivers 


Measurement 
bres 10, (July 1949). 

method described measuring 

cross-sectional variation woolen 

slubbing, cotton roving, and insu- 
lated wire. employs pneumatic 
manometer readings. the case 
cotton roving, high correlations 
measured 
values and directly measured values 
weight per unit length have been 


obtained with two sizes roving. 


Illustrated. Fiori 


Text. Research J. Nov. 1949 


Mouton 


Processing wooled sheepskins. 
Winton. Soc. Dyers and 
Colourists 65, 333-5 (July 1949). 

The general processes involved 

the production wooled sheepskin 

for clothing such furs fur coats 
are discussed. Operations for pre- 
straightening, brushing, 
ing the fur, and dyeing are included. 
Text. Research J. Nov. 1049 C. Amick 


Neps 


21, (Apr. 1949). 
This brief account dealing with the 
formation neps suggests 
remedy the substitution the 
blade beater carding beater 
during the picking operation. 
Research J. Nov. 1949 


Text Fiori 


Nonionic Compounds 


Compounds without active ions; 
their use the textile industry. 
Teintex 14, 53--73 
(1949) (through Chem. Abstr. 43, 
(May 25, 

ducts fatty acid esters, alcohols, 

and amides with ethylene oxide. 

Tables give (a) trade names, 

composition, state, use, and 

(e) country where manufactured. 

Text. Research J. Nov. 1949 


Plasticizers 


The compatibility, efficiency, and 
permanence 
Applied Phys. 20, 
540-51 (June 

Three properties—compatibility, ef- 

ficiency, low 

discussed, and several interrelation- 
ships existing between pairs the 
properties are given. 
nary discussion polymeric plasti- 
cizers presented. The effect 
plasticizers electrical resistance 
and tensile strength considered. 
Witnauer 


Text. Research J, Nov. 1949 


Viscose Process 


Chemistry the viscose process. 
Papper, SPCI 1908-1948, 295 
325; 345 (in Swedish) 
(through Chem. Abstr. 43, 3611a 
(May 10, 1949)). 

review the chemical and colloid- 

chemical reactions involved the 

xanthation cellulose and the rip- 
ening viscose and the degradation 
cellulose during the viscose proc 

Text. Research J. Nov. 1949 


ess. 


Wool Felts 


Evaluation roll wool felts for 
Hardy. TEXTILE RESEARCH 
19, (July 1949). 

Fourteen samples felts suitable 

for the tongue, vamp, midsole, and 

inner sole shoes were given 

physical tests order evaluate 

each these tests 
are tabulated. the basis the 
data obtained from the individual 
tests, the felts given rating 
points excellence; these ratings 
were tabulated. permeability 

and water-vapor permeability did 

not appear affected water- 

repellent treatment. 

Text. Research J. Nov. 1949 


Sequestering 


Sequestering agents: their use 
textile processing. Zuss- 
man. Am. 38, 
(June 27, 1949). 

The chemistry sequestering 

properties tetra- 

cetic acid are etfect 
trace-metals (chemicals present 
small amounts) oxidation, 

detergency, dyeing, and the im- 

provement noted when sequester- 

ing agent added are described. 

Text. Research J. Nov. 1049 C.A.A. 


Sizing 
Peanut protein for window shade 
sizes. Arthur, Jr., and 
38, 535-7 (July 11, 1949), 
uniformly 
greater elongation the filling 


( 
> 
| 
TANG, 


770 


break compared with the com- 
mercially-sized which 
animal glues were 
peanut protein appears 
applicable sizing material 
for window-shade manu 
facture and similar operations. 

Text. Research J. Nov. 1949 C.A.A 


Wetting Agents 


Effect 
agents the penetrating power 
and stability calcium hypo- 
chlorite and bleaching powder 
Stirton, Swern, and Roe. 
(June 13, 

130 surface-active agents have been 

tested promoters wettability 

for bleaching powder 
Wetting agents 
which gave satisfactory results with 
and 
with bleaching powder solutions are 
listed. Some wetting 
celerate decomposition the hypo- 
chlorite ion, which may 
vantage under 
Text. Research J. Nov. 1949 CAA. 


Card Feed Plate Maintenance 


Maintaining the card feed plate. 
46, 48, (July 1949). 


detailed study the adjustment 
and maintenance necessary assure 
proper action the card feed plate. 
Supplementary subassemblies such 
the feed lap roll, 
weighting, and selvage guides are 
described and their importance 
feed roll having bearings worn more 
than .003 cannot operate 
ently. 


Text. Research J. Nov. 1949 


Landau 


New Underframe Cleaner 


New underframe 
1949). 

cleaner emploved for cleaning the 

under-works spinning frame. 

The unit cleans the inside the 


frame only and does 
that the manual cleaning the 
frame eliminated. The unit de- 
livers jets air and travels the 
length the frame. 
Text. Research Nov. 1049 


Landau 


New Plumbing Disc 


The new plumbing disc for New Era 
spindles. Anon. Saco- Lowell 
Bull. 21, 38-9 (Apr. 

plumbing the New Era spindles 

Fiori 

Text. Research J. Nov. 1949 


Spectrophotometer 


The elements color and spectro- 
27, 

This paper divided into (1) 

discussion the physical theory 

color and demonstration the 

validity its and (2) 

the construction and 

operation the spectrophotometer 
and discussion some the prop 
erties and characteristics spectro- 
given showing the 
transmittance mixtures, and spec- 
tral transmittance for several 
Text. Research J. Nov, 1949 C. ALR 


Light Package Uptwister 


MUI light 
168-73 (1949). 


The salient points and advantages 
the MUT uptwister, designed 
the knitwear, and crepe 
fabrics markets, are 
lustrated. 
Text. Research J. Nov, 1949 


Loom Research 


Loom research—-with review 
avitch. Textile Bull. 75, 59, 60, 
(June 1949). 


JOURNAL 


Review the research resulting 
recent developments the loom. 
Improvements design are stronger 
beams, motor drives, elec- 
mechanisms, and 
electronic let-offs. 
Texl. Research J. Nov. 1049 


Landau 


Mill Humidification Systems 


Five systems available for mill 
humidification. .\. 
196, 198, 200, 202 (June 1949), 

The tive air conditioning 

and are: (1) direct 

atomizers centrifugal 

con 

the system fans atomizers, 

systems delivering controlled atmos 

systems which chill and the 
air addition heat 
and humidity 
cooling also discussed. 

Landau 


Text. Research J. Ne 


Swiss Textile Machinery 


Latest types Swiss textile machin- 
61-76 (July 


All the machines, 
mechanical improvements, 
cessory equipment, carding 
through operations, 
shown the Swiss Industries Fair 
trated. Fiori 
Veat. Research JON 


Textile Test Data 


quick and simple method ob- 
taining the mean and its standard 
error and the coefficient vari- 
ation textile tests with special 
reference the measurement 
yarn strength. Chakra 
barti. Text. Inst. 40, 
(Apr. 1949). 


Text. Research J. Nov. 1049 
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